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DOES GOOD PROJECT MANAGEMENT ENSURE SUCCESSFUL 
SOFTWARE DEVELOPMENT? 
by Julie Lisa Eldridge 
' Principle Supervisor: Sue Jones 
Faculty of Science, Technology and Engineering 
ABSTRACT 
For many years the development of computer software has been plagued by poor 
customer satisfaction caused by missed schedules, underestimated budgets and the 
development of products which do not meet requirernent·.:i. The ever increasing 
reliance on computers, as reported by Sommerville ''the result of the proliferation of 
computer systems jnto all aspects of life and business is that personal. corporate, 
national and international economies are [becoming] increasingly dependant on 
computers and software systems" ( 1992, p.2), calls for more stable software which 
can be developed within time and budget constraints. 
To achieve this, software development activities must be analysed and ways to 
improve the success of projects suggested. This study investigates the software 
development process in an attempt to reveal the importance of pr~iect management 
to the process and establish which activities contribute most to project success. It is 
iv 
these activities which should receive the most attention when seeking to improve the 
software development process. 
Data was gathered through a series of questionnaires and interviews with software 
engineering students during their third year software engineering project at Edith 
Cowan University. This was analysed and conclusions drawn about the project 
management activities of the teams. 
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Chapter I 
INTRODUCTION 
Software engineering is a discipline which to date, has been unstructured and ad hoc. 
This is highlighted by the great number or documented software deve!Gpment project 
failures (appendix A). If software development is to be seriously considered as an 
engineering discipline a greater understanding of the process is needed. Also, 
rigorous practices for its development which ensure quality and success. must be 
researched. As Pressman explains "managers nnd practitioners alike recognize the 
need for a more disciplined approach to software development" (1992, p.xix). The 
International Standards Organisation's SPICE Project endeavours to do this by 
outlining practices to follow for successful software development and by measuring 
the ability of organisations to develop quality software as outlined in the Software 
Process Improvement and Capability Determination model (Darling. 1993). The 
Software Engineering Institute's (SEI) Capability Determination Model (Paulk, 
Curti::;, Chrissis & Weber, 1995 & Saiedian & Kuzara, 1995) has the same objectives. 
In addition to this the Body of Knowledge for software engineering is currently being 
defined by the IEEE Computer Society and the ACM. 
Other research: Mullin and Hope ( 1996); Perry, Studenmayer and Votta (1994); 
Phan, Vogel and Nunamaker (1995); van Genuchten (1991) and Azuma and Mole 
(1993) has been conducted to gam a greater understar, ' of the software 0 
development process and how it can be improved. 
This research focuses on the management of software development. It attempts to 
report on the importance of project management to project success as well as identify 
which project management activities are the most important. Research also suggests 
that the project manager is important to project success; this study reports on the 
leadership styles of project managers on both successful and non-successful projects, 
which will aid in the selection of future managers. 
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Chapter 2 
THE PROBLEM 
2.1 Background to the Study 
For many years software engineering has been suffering the problems of missed 
schedules, underestimated resource usage and the development of products which do 
not meet requirements. Pressman ( 1992, p.l7) reths to this as a "software crisis" or 
··software affliction", stating that the " 'crisis' has been with us for more than 30 
years''. Pressman, together with Snyder and Shumate, believes that sound software 
engineering processes, in particular software project management, are an important 
factor in solving these problems. "Software project management is ... important to 
the success of a project" (Pressman, 1992, p.42). "Success in our industry [software 
engineering] requires continuous, unending, relentless improvement in the process of 
managing software development" (Snyder and Shumate, 1992, p.l2). 
The Project Management Institute ( 1996, p.6) define project management as "the 
application of skills, tools, and techniques to project activities in order to meet or 
exceed stakeholder needs and expectations for a project". Pressman (1992, p.42) 
states that project management provides an understanding of the ''scope of work to be 
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done, the risks to be incurred, the milestones to be tracked, the effort (cost) to be 
expected and the schedule to be followed" he continues referring to project 
management as a "layer" which "overlays the entire development process from 
beginning to end". This research attempts to investigate the processes of project 
management during software development projects and to observe the effect of 
project management on projects. 
2.2 Significance of the Study 
This research atms to provide an overview of the leadership styles of pr~ject 
managers on successful projects, the importance of project management to project 
success and which project management activities provide the most benefit to 
software development. When identified these activities can become the focus fOr 
project managers endeavouring to improve software development outcomes. Future 
research into methods to improve the key processes of software development should 
target the activities highlighted by this study. 
It is anticipated that the results of this research will aid in the understanding of how 
to select appropriate project leaders for software development projects as well as 
identifying which of the software engineering and project management processes 
should receive most attention to ensure a successful project. 
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2.3 Statement of the Problem to be Investigated 
The extensive list of project failures, outlined in appendix A, prompts the question: 
What is being done/going wrong? Sommerville ( 1992, p.480) believes that software 
failure can be attributed, nat to the lack of technical skill of the people on the project, 
but to the "management techniques used''. Personnel are important to software 
development, "we [have] learned that the key to success in infonn3tion systems 
development [is] in managing people, not technology" (Thomsett, 1993, p.xi). The 
selection of appropriate project leaders and the use of appropriate "management 
techniques" will contribute greatly to project success. 
Stuckenbruck (n.d., p.66) believes that "'the method of choosing project managers has 
been approached rather casually in industry". It is anticipated that documenting the 
leadership characteristics of managers on sm.:cessful projects will aid in the selection 
of personnel for management positions in the future, eliminating the "casual 
approach" described by Stuckenbruck. Investigation is required into the project 
management activities undertaken throughout software development in order to 
determine how they affect a project and identify those most crucial for success. 
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2.4 Statement of the Research Questions 
This study will attempt to answer the following research questions: 
• What contribution does project management make to the success of a software 
development project? 
• Which project management activities contribute most to the success of a software 
development project? 
• What leadership styles are associated with project managers on successful 
software projeds? 
2.5 Theoretical Framework 
2.5.1. Identification of Theoretical And Philosophical Assumptions 
Underpinning The Study 
• The Project Management Body of Knowll 1ge as defined by the Project 
Management Institute ( 1996} provides the foundation for this research. This study 
does not attempt to redefine the processes or activities of management simply to 
investigate and report on them in line with existing knowledge. 
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• It is assumed that the data gathered during the study is a true reflection of the 
actual activities undertaken during the project, who undertook them and the length 
of time they took to complete. Reassurance that the infonnation gathered during 
the questionnaires and interview was strictly confidential and did not in any way 
affect the marks obtained by the students, should have helped to eliminate false or 
misleading responses. 
• Although rese<~rch inherently alters any study environment to some degree it is 
assumed that this did not dramatically alter the results obtained. Assurance that 
the study was intended only to gather information about project managers and 
management activities not to judge them as correct or incorrect, should have 
reduced the effect the research had on normal working practices. As Perry, 
Staudenmayer and Votta ( 1994. p.3 7) explain. if participants arc apprehensive 
about providing information it is important to remind them "that there are no right 
and wrong ways to work; [the] purpose [is] not to judge but to understand 
belmviour within a given environment·•. 
2.5.2 Variables Impacting On The Research Questions And Their InterR 
Relationships 
There were several factors which atfected the outcome of the research and had to be 
considered when analysing the data gathered. These are outlined below. 
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• The level of software engineering experience of the individuals in the teams. 
Some students in the Computer Science undergraduate degree were part-time 
students currently wofking -i~ th; 'information 'te~imology profession, some m 
similar positions to that which they filled in the student project team. 
• The level of previous project management experience of project leaders and team 
members. 
• The intellectual capability of individuals within each team. Although each team 
was formed to have the same average intellectual ability, based on individual 
course averages over the previous two years of study, some teams consisted of 
individuals all with similar course averages, while others consisted of members 
with greatly differing course averages which totaled to meet the average 
intellectual ahility set for all teams. 
• The average number of individuals in each team was six. The number of members 
in the teams varied for some teams through the life of the project, with some 
teams dropping from six to tOur members by project completion. 
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2.6 Limitations on the Study 
The following limitations of this study have been identified and were considered 
when reviewing the results of the study where necessary. 
Several limitations exist when using student projects as opposed to real life projects. 
These are listed below: 
• Deadlines in the academic situation are almost totally inflexible whereas the 
ability to negotiate and alter deadlines usually exists for real projects. 
• Most project managers m a student setting have no prev10us management or 
software development experience; this would be extremely rare for real projects, 
where first time project managers normally would have had experience working in 
a development environment with other project managers. 
Apart from these differences anecdotal evidence collected during the prototype data 
gathering exercise suggests that the student project was very similar to a 'real world' 
project, with one part-time student, employed full-time as a programmer/analyst 
commenting that the complexity of the problem and stress levels experienced by 
team members was similar to those which exist for real projects. In their ongoing 
research the academic supervisors of the student project teams conclude that "there 
are many similarities, and some differences between the student environment and the 
9 
IT indrJstry". They "consider the differences to be negligible in comparison with the 
simi:iarities, and are of the opinion that the results [of their research] translate in the 
main to the 'real world"'. (Mullin & Hope, 1996, p.l28). 
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Chapter 3 
REVIEW OF RELEVANT LITERATURE 
A large amount of literature exists on project management. One useful discussion is 
that by Datz and Wilby (n.d., p.27) who describe thctors which contribute to 'good 
project management' including the manager's job, task delegation and decisi0n 
making. They discuss also the use of different mrnagement tools and different types 
of project managers. However, the focus is on project management in the 
construction industry. Although not irrelevant to a study on project management in 
software engineering, the software industry faces a range of management problems 
which differ from those faced in other professions, as Binder and Phillips (1992, 
p.28) state "unlike ships, aircraft, computers, or buildings nearly all important 
structural aspects of software arc abstract and invisible". 
For this reason ;~he general section of this literature review is divided into non-
software engmeermg project management and software engmeermg project 
management specific sections. Section three of the general literature section ts 
dedicated to software engineering education literature. Following section 3.1 1s 
literature on previous finding and/m specific studies similar to the current study. 
Finally literature on the research methodology is presented. 
II 
3.1 General Literature 
3.1.1 Non-Software Engineering Specific Literature 
The following section begins with a number of general project management journal 
articles. 
A series of useful articles came from the publication "A decade of project 
managemeat", One such article is that mentioned above by Datz and Wilby entitled 
"What is good project management". A second article, "Managing the most valuable 
resource: People" written by Buck describes some of the aspects of managing 
people. It presents five tasks that an effective project manager must perform in order 
to balance the schedule, budget and requirements of a project and manage "the 
people who arc to accomplish the work". He highlights that self-motivation of the 
personnel working under the project manager is important and spends some time 
describing how this can be achieved. Bt1ck discusses team work and believes that 
"the absolute requirement for a good project manager is integrity". 
The final article from the publication "A decade of project management" is "The 
effective project manager" by Stuckenbmck. It describes how "the method of 
choosing project managers has been approached rather casually in industry" to date. 
Stuckenbruck discusses briefly the tasks of a project manager including a list of 
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factors necessary for effective project management. Stuckenbruck suggests that 
these should be sought when selecting project managers in the future. 
A stimulating article by Robinson (1992) provides an insight into the motivation of 
others by project managers. Robinson first defines management as ''getting things 
done through others", then states that ""people cannot be motivated by others, they 
can find motivation only from within themselves". The article focuses on how to get 
people to be self motivated and consequently complete the work required by the 
project manager. 
Along similar lines is an article by Cocco ( 1995), ""Using performance goals to 
motivate workers: a practical guide for project managers". Cocco bdieves that 
worker motivation is highly important for project success, stating that "'the success of 
a project manager depends in part upon how well the manager motivates those 
employees under his or her supervision. Overall, the ability to motivate is at least as 
important as technical ability". 
The article discusses the use of financial bonuses as a motivational tool but explains 
how these arc not always available to project managers. Cocco ex.plai.1s that failing 
the availability of financial bonuses project managers can use either a positive 
approach where team members are encouraged to improve their performance and 
""not to let the team down" or ''threats and intimidations as motivational !ools". He 
then outlines the disadvantages of both of these methods, before highlighting how the 
use of perfOrmance goals is one ""obvious but easily overlooked option ... that is not 
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based on financial incentives, and is positive in nature without undermining the 
authority of the manager". Cocco explains that goals can be used "as objective 
measuring sticks to assess performance". 
Cocco discusses three fundamental questions which must be addressed if project 
managers arc to use goals as a motivational tool: 
1. How difficult should the goals be to obtain? 
2. Should the project manager set the goals or let the subordinates set the 
goals, or should the goals be set together? 
3. Perhaps most importantly, are there any techniques available to increase 
goal commitment? 
In conclusion, Cucco states that "the purpose of this article i3 to suggest to project 
managers that goal-setting is an effective motivational technique, and to provide a 
concise, practical review of the findings of the psychology literature regarding ways 
to make goal-setting more effective". 
3.1.2 Software Engineering Specific Literature 
Focussing more on software engineering is an article by Binder and Phillips, ( 1992) 
"Software teams: is'iues, analysis & action". They discuss software teams, firstly 
reviewing what a software team is, then discussing several of the pertinent issues 
affecting software teams including team management, structure and vision. The 
article discusses the personal characteristics of team leaders and states how, quite 
interestingly, "our profession develops leaders with the opposite personality to the 
one that we really would like them to have!". They present a model they developed 
for organising the issues and wmponents effective software teams must consider and 
"suggests how !earn building problems are related". The model "System 
development dynamics model - a framework for analysis'' is discussed in detail. 
Binder and Phillips conclude with nine "prescriptions for building effective software 
teams". The article highlights some interesting points regarding software teams and 
expands the author's knowledge of software team dynamics and the issues which 
affect software teams. This knowledge was extremely useful when observing the 
operation of the software project teams during this study. 
Tippett and Peters ( 1995) continue the discussion on software teams, discussing 
research undertaken intu the current state of project team building. Tlu.:y state that 
"top project managers have long known that building a cohesive. motivated project 
team is a key step towards the ultimate accomplishment of project goals" and that 
"team building is an essential project management skill". 
The article outlines the results of a 26 question survey distributed to 88 companies in 
the United States which was designed to test for the presence of Robert P Hagen's six 
elements of most successful team-building plans. The survey found that: 
"the majority of project managers assumed their roles without ever receiving 
any formal project management training. receiving all their preparation in the 
form of uncoached on-the-job training. Furthermore, only about half of the 
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respondents indicated that their project managers had any type of 
management training prior to taking on their management responsibilities" 
(fippett & Peters, 1995, p.32). 
The survey also revealed that the state of project management team building varied 
greatly from company to company and within companies in some cases. Tippett and 
Peters explain how this might be justified by the above findings. They discuss how 
the research highlights that "companies did not accurately measure their group's 
progress towards becoming cohesive, motivated project teams [and how] project 
management evaluation continues to be centred upon the three traditional project 
management measures: budget, schedule, performance". Companies identified 
teamwork as an important organisational goal, but because many have no measures 
in place to evaluate progress it is "difficult to know if headway is being made". 
Concluding Tippett and Peters (1995) state that "factors such as company age, size, 
organizational structure, project orientation, and industry type appear to have a 
relationship to the state of team building in organizations" and that in general it 
seems that "companies are doing a poor job of team building". 
Kliem and Anderson (1996) continue the team building theme emphasising its 
importance for successful project management and software development. They 
state that a projt'ct may have "all the necessary disciplines for good project execution 
- a meaningful statement of work, detailed schedules, and change management for 
16 
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example - and still end in failure". They explain how "applying the tools, 
techniques, and knowledge of project management does not guarantee success. It 
only affects the likelihood of success, depending on the environment and the degree 
that the basic functions of project management are applied". 
They state that "only recently the influence of the project manager's personality on 
project performance received recognition ... How project managers perceive their 
environment, respond to events, process information, and interact with others 
influence the outcome of projects". 
They introduce Decide-X, a tool which "provides insights for project managers to 
develop team structures and processes to improve project management". They 
explain in d>!tail the Decide-X tool claiming that using a 24 question survey an 
"individual's approach to any team building situation" can be determined and 
categorised as one of four "primary styles [relating to] how a person approaches 
relevant work situations". The four primary styles, "reactive stimulator, logical 
processor, hypothetical analyser and relational innovator" are described in detail. 
Briefly, reactive stimulators "react immediately to situations. They are highly 
focussed on the immediate task and typically seek quick results. Now/ Is their usual 
target". Logical processors "work best in situatiom. involving assignments that are 
clear, precise, and have well-defined expectations ... they may resist change and are 
generally skeptical in their approach to work" Hypothetical analyzers are "problem 
solvers ... they are natural teachers leveraging their tendency to decompose problems 
and processes into more easily understood components. They see the 'big picture' 
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and maintain perspective". Finally relational innovators "typically deal in ideas and 
see the 'big picture'. [They] are innovative and like to explore alternative ways of 
doing tasks". 
The article explains the four areas where the maior differences in styles are evident 
as: "information planning, planning and action, change versus stability and style 
interactions". 
Kliem and Anderson present PMAT - a Project Management Application Typology 
which groups into four quadrants different project environments according to their 
level of change and structure. PMAT describes which style of individual best fits 
into which environment grm~ping, based on their style attributes and the project 
environment attributes. Within each quadrant are the four functions of project 
management: planning; organising; controlling and leading, and the related activities 
specific to that quadrant. 
In conclusion they claim that "knowing the type of environment anU the team 
building style of the project manager increases the opportunities for selecting the 
right project management practices to increase the likelihood of completing projects 
cost-effectively". 
Another relevant paper is by Tollett (1995) "'The adaptive-innovative (A-I) cognitive 
styles of male and female project managers: Some implications for the management 
of change". This paper reports on "the results of a study of the adaptive-innovative 
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cognitive style of the managers of change projects", explaining that "the cognitive 
style of individuals can be located on a personality continuum which ranges between 
adaption and innovation". Tullett explains that a person's position on this continuum 
is determined by the way they process information and data. "This in turn impacts 
upon his or her preferred way of making decisions, solving problems and construing 
change". 
Tullett outlines the difference between high adaptors who "prefer to work by 
improving consensually agreed methods, products and practices, suggesting rhangt~s 
which can be accommodated without upsetting . ;.i::.t;.1g systems" and high innovators 
who "tend to reassess and redefine problems and the context within which they have 
arisen, thereby proposing change initiatives which are sometimes unexpected and, 
initially, difficult to accept". 
He describes the measure of the adaptive-innovative style of individuals developed 
by Kirton, "the Kirton Adaption-Innovation Invento:y (KAI)", before explaining the 
research undertaken "to measure the A-1 cognitive style of those responsible for 
managing change projects". The study clearly indicates that "the preferred cognitive 
style of managers of change projects is more innovative ... ". 
Tullett identified several studies including Lindsay (1985), McHale & Flegg (1985 
and 1986), and Rickards & Moger (1994) which "have reported that clashes and 
conflicts between individuals can be explained, in part, in terms of differences in A-I 
cognitive style". Tullett continues saying that "when a difference in cognitive style 
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leads to conflict the situation cannot be resolved by the individuals changing their 
cognitive style". Studies have shown that individuals with different cognitive styles 
who work together over a long period of time may change their "expressed 
behaviours but [their] preferred cognitive style remains constant". 
Still on the personal attributes of project managers is an article by Valentine and 
Price (1994), "''The leadership attributes and strengths of female project managers". 
Valentine and Price review the "current status of women performing responsible and 
meaningful leadership roles [where] the focus is on the project management 
environment, [which is] where some of the greatest opportunities for women to 
exercise their particular style ofleadershir:: .. exist. 
The article is divided into three set;tions. The first "addresses differences between 
masculine and feminine leadership styles, as noted by several contemporary 
management writers and scholars". The second discusses some of the difficulties 
experienced by managers using more feminine styles of management in "traditional 
male oriented, hierarchical organizations" and the third section "explores the 
strengths and intrinsic value of the more feminine styles of leadership and 
management, together with an overview of the types of organizations which could 
benefit most from those attributes". 
Moving away from software teams and team leader attributes to a more general 
project management discussion, well known software engineering author Barry 
Boehm together with Ross ( 1989) present a theory for effective project management. 
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The article "Theory-W software project management: Principles and examples" 
explains how the theory works on the following two principles: "Plan the flight and 
fly the plan; and identify and plan your risks". It suggests that all parties involvt:d in 
the software development project should be "made to be winners". 
Boehm and Ross ( 1 Y89) explain that project management i~ the skilful integration of 
··software technology, economics and human relations in the specific context of a 
software project [which] is not an easy task". They state that "a software project 
needs to simultaneously satisfY a variety of constituencies: the users, the customers, 
the development team, the maintenance team, the management" and refers to the 
conflicts of trying to meet the three general objectives of successful projects: budget, 
schedule and functionality. Theory-W as suggested by Boehm and Ross ( 1989) 
should help "project managers navigate through these difficulties". 
They explain that Theory-W docsn 't "characterize a manager as an autocrat (Theory 
X), a coach (Theory Y), or a facilitator (Theory Z). [rather] characterizes a manager's 
primary role as a negotiator between his various constituencies, and a packager of 
project solutions with win conditions for all parties". Beyond this the manager is a 
. . 
goal setter, a monitor of progress towards goals, and an activist in seeking out day-to-
day win-lose project conflicts, confronting them and changing them into win-win 
situations. 
21 
The article explains Theory-W in detail including each of the principles and also 
outlines the steps project managers should follow to "make situations win-win" for 
all involved. 
In summary Boehm and Ross claim that "establishing a realistic pro~,;ess plan is 
crucial to the success of the project" but explain how "developing a plan which 
satisfies everyone's win conditions is not enough to make everyone a winner. You 
also need to use the plan to manage the project. This involves making a particular 
etfort to monitor the project's progress w;+h respect to the plan". They state that 
·'applying corrective action is [extremely important in ensuring] the 'make everyone 
a winner' principle". 
Phillips ( 1996) believes that software development is a "people-intensive endeavour" 
and states that '"our major problems lie with how people interact and communicate". 
In the article "Project management: Filling in the gaps". Phillips discusses how 
configuration management helps to control communication between personnel on a 
project as well as software complexity and change saying that ·'configuration 
management allows us to trace the etTects of the suggestion [of change] through the 
work already completed. Tracing is the process of going back to a previous activity 
to justify our current activity". 
Phillips concludes by stating that "an effective configuration management process 
empowers project managers to control changes that affect system requirements and in 
doing so lets these managers gain control over their projects" (1996, p.l8). 
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Configuration management is ju~t one of the many activities which are the 
responsibility of project managers. Conflict resolution is another. Pinto and 
Kharbanda ( 1995) in the article "Project management and conflict resolution" quote 
statistics from a study by Thomas and Schmist which estimates that "the average 
manager spends 20% of his or her time dealing with contlict". In this article, conflict 
and its "various components ... the stages that conflict often folluws, and the wide 
variety of means for dealing with conflict in containing it and even making it work 
for the project manager and team" are explored. They outline a "model of conflict 
behaviour" and provide the reader with an '"understanding of some of the most 
common methods for de-escalating conflict". 
Pinto and Kharbanda ( 1995) explain that "many conflicts develop out of a basic lack 
of or unwillingness to understand another party's interests''. They state that if project 
managers are aware of the solution options they can employ then conflict may be 
able to be defused and opportunities to Jearn from the exercise highlighted. 
Pinto & Kharbanda highlight that not all conflict is negative. They explain that if a 
team argues the merits of a particular development strategy "it is likely that in the 
course of their deliberations, it will uncover more information than they would if 
they came to an immediate agreement". Regardless of the positive aspects of conflict 
it is the general opinion of the authors that project managers "tend to regard conflict 
as unnecessarily debilitating and wasteful of time and resources". 
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Pinto and Kharbanda state that "because of the inevitability of project team conflict, 
project managers need to be aware of the basic conflict process and understand how 
to Jeal with conflicts once they have begun". The authors propose a "model of the 
conflict process" claiming that if project managers understand how conflicts arise 
"they will be in a better position to defuse the conflict or use it constructively to 
further the project's goals''. In conclusion, Pinto and Kharbanda believe that the 
level of conflict knowledge project managers have or endeavour to gain determines 
to a great deal the impact that conflict will have on the project. 
In the article "Management~aided software engineering" Brady and DeMarco (1994) 
present "some management best-practice candidates from a small sample of health 
organizations [as well as try to] envision how software management might mature 
over the next few decades to produce best practices". The article is structured as a 
dialogue. "thus preserving our individual voices while neatly avoiding the necessity 
that each of us sign on to th'! other's more preposterous idea of what a best practice 
is". It discusses such things as the software engineering industry's poor scheduling 
and budgeting record, leadership styles, the importance of the physical location of the 
software development team and the changes the manager's role undergoes as the 
project completion date approaches. 
Snyder and Shumate ( 1992) present some of the software engineering processes used 
by the software engineering division of the Hughes Aircraft Company. The article, 
"KAIZER Project Management", discusses "some of the general aspects of the 
KAIZER approach to project management, its connections to the SEI maturity levels, 
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and how the related measurement and continuous improvement philosophy affects 
lhe daywtowday operations of a software project". 
There are many project management texts available, although few of which focus on 
project management during software development. One text is that by Rob Thomsett 
"Third wave project management: A handbook tOr managing the complex 
information systems for the 1990s". Another useful text is "The software factory 
managing software development and maintenance" by James Johnson. A third text is 
by Simpson entitled "New techniques in software project management". A study on 
project management and the dynamics of software development would not be 
complete without reference to Gerald Weinberg's text "The psychology of computer 
programming". Although published in 1971, the text fOcuses on the psychology 
behind software development, rather than technological issues and so is still relevant 
today. The opening sentence of the preface summarises the text "this book has only 
one m<~Jor purpose to triggc!' the beginning of a new Held of study: computer 
programmmg as a human activity, or, m short, the psychology of computer 
programming" (Weinberg, 1971, p.vii). 
3.1.3 Software Engineering Education Projects Literature 
The followiPg articles discuss the method of teaching software engineering in other 
universities, fOcusing on articles which incorporate software development projects 
into the curriculum. These articles are relevant to this study as third year students 
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undertaking a software development project are the subjects for this research. It is 
interesting to compare the software development projects in the following articles 
with the Edith Cowan University software development project being observed in 
this research. 
The first article entitled "A recursive student project to reinfOrce the principles of 
software engineering" by Hope and Terry (1996) describes in detail the software 
engineering project undertaken by third year students at Edith Cowan University 
which is the project under review in this study. The paper provides the rationale for 
the student soltwarc engineering project and how the project has been developed tu 
meet the synthesis class of Bloom's taxonomy of educational objectives. 
"Our objective is to meet the synthesis class whereby students are able to 
combine elements or parts of their learning experience in such .:1 way as to 
produce a structure that was clearly not there before. That is the students take 
a definition and outline of a problem espoused by an external client which has 
no existing solution and produce a software product'". 
Hope and Terry exp!Ctin that the lectures and project "aim to give the students an 
understanding and practice in the processes that an organisation at level two on the 
SEI capability maturity model would have in place". Accordingly the project 
together with the accompanymg lectures place heavy emphasis on "project 
management and control. team working, requirements management, quality 
management and configuration management". 
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The maintenance phase of the system life cycle, identified as one of the largest, is not 
often addressed in student software projects where the product for development is 
always new or students start afresh at the start of the project. The ECU project 
addresses this by having students correct and extend the product developed by 
students from the previous year. The best product is chosen each year to become the 
"definitive system" for the following year's students. "The following year's students 
must then integrate their subject area into this system" (Ho~ & Terry, 1996). 
The paper explains in detail the working environment for the project, the fonnation 
of the student teams and the team structure, academic supervision, the client, 
deliverables and project marking. 
The paper discusses two ongoing studies which stem from the student project. One 
which observes, reviews and reports on the processes and practices that student teams 
undertake during the project to "evaluate and characterise the components in a 
software development project that influence its effectiveness and productivity. It 
also attempts to validate assertions generally held in industry" (Hope & Terry, 1996). 
The second is a long term study which attempts to review how graduates from the 
ECU software engineering course perform in their first three years in industry. 
Employers are being questioned about whether they believe graduates of the ECll 
software engineering project perform better than previous ECU students and those 
from other universities. 
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The authors state that "the project is not structured to have a defined solution and is 
of sufficient complexity that the students experience a real world situation. This is 
attested to by the supervisors and from anecdotal evidence given by mature age 
students working in the software industry that the project is net a 'toy'" (Hope & 
Terry, 1996). 
In conclusion Hope and Terry outline the benefits of the student project over other 
software engineering project models and how "in the future it is planned that the 
efficacy of the [ECU] undergraduate program be determined by using the project as 
an objective measure of the program". 
The second article by Dawson-Howe (1996) describes the organisation of final year 
projects at the Department of Computer Science, Trinity College, Dublin, Ireland. 
The model proposed for the project sees "the student initially work in a group, co-
operatively de\~e\oping a basic platform on which they can then individually develop 
their projects". Using this model students get all the experience of working in a 
group situation ''while at the same time fultill the objective of working on a complex 
problem independently"'. 
Dawson-Howe outlines some of the problems which seem to affect the projects as 
follows: 
I. Getting started: students often delay starting their project which happens 
with all course work units but is tn')re serious due to the nature of the final 
year project. 
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2. The learning curves: "generally, in order to address their final year 
projects, the students will require knowledge above that which has been 
taught to them". This point holds true for the Edith Cowan project '·.:!ing 
used in the author's research, especially in the area of project management, 
where students have no prior experience coming into the project and often 
·attend the lectures on the important 1-yoject management topics after they 
have had to deal with them in the project. 
3. Time to solve the problem and to build a proper system/interface. Due to 
the complex nature of the problems assigned to students, often a great deal 
of the available time is used to solve the problem and only a small amount 
remains to actual build the product. 
How the model proposed in this article attempts to address these problems 1s 
described in detail. 
In conclusion, the authors quote the students involved with the project stating that the 
group work followed by individual work in the project is "a very useful and 
rewarding experience" (Dawson-Howe, 1996). "'In summary, it seems that this 
approach to the organization of final year projects yields significant benefits for 
students, particularly in terms of a faster start-up time, support from the group 
members, and experience of a reasonably realistic group project". 
In the third article Ohlsson and Johansson (1995) describe a two year software 
engineering program offered as a "complement to the four and half year Masters 
degre~ programs at the traditional engineering schools" offered by Swedish 
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universities. The curriculum focuses on "designing a practice driven education 
program where the students are trained ·~':'! learn by themselves rather than being 
taught canned knowledge from books and lectures" this helps to overcome the 
problem of teaching students things which become out of date quickly with the rapid 
changes that occur in software engineering. It teaches them to solve problems rather 
than respond to them with text book answers. 
The curriculum is designed around three project units. The first aims to "introduce a 
professional attitude" (Ohlsson & Johansson. 1995) to the student whereby they are 
expected to estimate the time and cost to perform given tasks, deliver the assigned 
product within these and deal with the events that sometimes arise and prohibit this 
from happening. 
The goal of the second project unit is to "informally introduce project planning as a 
refinement to makjng commitments" (Ohlsson & Johansson, 1995). The need for 
strict project organisation becomes evident to the students during these introductory 
group projects due to the nature of working in small groups and "more strict 
organization ... is introduced in the linal project course". 
Similar to the Edith Cowan University's third year software engmeenng group 
project being used by the author in this research, maintenance is not ignored as a 
phase in the development process. They state that "the problems of maintenance are 
made realistic and very concrete by having the groups switch systems so that 
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everybody is confronted with the code and documentation developed by someone 
else". 
The third and final project course runs for 15 weeks. Students work in groups of 12-
15 and, similar again to the Edith Cowan University third year software engineering 
project being used by the author in this research, the project is divided into two major 
sections. A pre-project phase constitutes approximately one third of the total course 
time and sees the students clearly define the problem and determine and outline the 
requirements. A quality plan r.-:<.~st be developed in the pre-project phase "starting 
from a quality standard in accordance to the principles ofiS09000. The quality plan 
defines procedures for configuration management, quality assurance, and the various 
kinds of Uocumentation" (Ohlsson & Johansson, 1995). The product is developed in 
the second phase of the project. 
The course has no formal project management lectures, which ''created some initial 
difficulties for the students in dividing the work among themselves and at the same 
time maintaining sufficient communication about the various parts of the system'' 
(Ohlsson & Johansson, 1995). The authors of the paper state this as one of tb<! areas 
for improvement in future years. 
In concluding Ohlsson & Johansson reflect on the conduct of the course over the first 
year outlining successful areas as well as those which need improvement. They 
present some results from follow-up feedback received from graduated students' 
employers, who generally comment that their "students needed less time on internal 
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training to become productive compared to students wl.o had gone to ordinary 
engineering schools .... One employer explicitly said he preferred hiring people with 
this background. In particular the project experience was highly valued". The 
project provided the students with an appreciation of the roles within a team 
environment and allowed them to easily adapt when placed in a team situation. 
3.2 Literature on Previous Findings I Specific Studies Similar to 
the Current Study 
Five papers have been found which describe studies similar in design or findings to 
this study. The first reports on a study conducted at Edith Cowan University using 
the same project group as that used in this study. The second describes two 
experiments in a series which investigates software development processes, 
focussin~ on the importance of social or behavioural factors in software 
development. The third addresses the "issues of management and control in large 
development projects and presents the results of a study on the development of the 
OS/400 R.l development project" (Phan. Vogel & Nunamaker, 1995, p.279). The 
fourth article investigate the reasons for delay in software development projects in an 
attempt to identify areas for improvement. The fifth concentrates on the managerial 
factors which are effective in designing software and compares the management 
practices in Japan with those used in Europe. 
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For several yearg the student project Wlder investigation in this study has been part of 
the assessment for the third year software engineering unit of the Computer Science 
degree at Edith Cowan University. The Unit Coordinator and a colleague have been 
collecting data from the project via a questionnaire for the past two years. Their 
paper, "An application of quantitative techniques to the question of what contributes 
to a successful software development project", presents the results of these 
questionnaires and provided valuable information for this study. The paper attempts 
to objectively answer the question of "what contributes to a successful software 
development project" (Mullin and Hope, 1996). Mullin and Hope state that the 
purpose of the study was to: 
"evaluate and characterise the components in a software development project 
that influence it's effectiveness and productivity. It also attempts to validate 
assertions generally held in industry that have little empirical data or evidence 
to support the effectiveness of a particular view''. 
(Mullin and Hope, 1996). 
The paper outlines the Edith Cowan University software engineering project from 
which the data for the study was obtained incorporating a discussion on the software 
engineering units for which the project is the major assessment. It discusses the 
formation of project teams and the project development environment. The authors 
describe how the data was gathered and analysed using Spearman's Rank Correlation 
Coefficient method. 
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Mullin and Hope (1996) then present the findings from the first and second year 
projects in detail, concluding with a summary of the findings for the two years. In 
summary the results provided clear evidence of a feel~good factor, although this "did 
not necessarily lead to good software products". The authors report that "from the 
statistics, the teams who produced the good products tended to have good project 
management, appropriate to the team and "put in the hours". Two other factors were 
observed as contributing to a good software product in both years, but neither 
showed up in the statistics:-
The depth of understanding of the processes. 
The degree of competition between teams. 
It appears that a large unmanageable scope was all that resulted from excess time 
spent on analysis and design. "Both years showed clear evidence that too much time 
spent on analysis and design phases resulted in poorer products" (Mullin & Hope, 
1996). 
An important discussion in this article is that on the similarities and differences 
between student projects and ''real world" software engineering developments. 
Mullin and Hope, who between them have over 35 years of lT experience feel that 
"the differences rbetween student and real world projects] are negligible in 
comparison with the similarities" and they are of the opinion that the results of 
research conducted using the student development group "translate in the main to the 
'real world'". 
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Team management is a significant c-omponent of project management. When 
investigating the activities that contribute to a successful project it is important to 
consider team dynamics; that is, how the team works together, how change, risk and 
conflict affect the team and how they relate socially. Therefore, it is essential, to 
quantify these activities. Perry, Staudenmayer and Votta ( 1994) in the article entitled 
"People, organizations, and process improvement" state that to '"genuinely 
understand development processes" social as well as technological aspects must be 
considered. They continue to state that without that understanding "we cannot hope 
to significantly improve these processes and justify their improvement". 
The article describes two studies from a series expected to "enhance understanding of 
the structure of software~development processes". The article provides useful 
guidelines for collecting social or behavioural data which is similar to that gathered 
in this study. It highlights an important trade~off between "minimizing the possible 
variance and maximising the ability to generalize a study's findings'· (Perry, 
Staudenmayer and Votta, 1994). The author's study minimises possible variance by 
investigating student projects where the platforms. design objectives and completion 
d~.te are consistent. 
The purpose of the research outlined in the third article in this section was to "gain 
insights regarding the tactors that contribute to the successful delivery of large 
projects". Phan, Vogel and Nunamaker (1995) report and compare the results from 
and a case study of the development efforts of the OS/400 development pro.iect and a 
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field survey sent to 827 "'randomly selected members of the Association of the 
Institute for Certification of Computer Professionals", regarding the "planning, 
control, and management of medium and large scale software projects". 
The study had thref: goals one of which was to investigate "what major problems and 
opportunities in the development of large, complex software projects need more 
attention'' (Phan, Vogel & Nunamaker, 1995). The author of this research is 
endeavouring to identify which project management activities contribute most to the 
succe::;s of software development projects, thus, identifying which activities need 
most attention during software projects. Hence, this article was of particular 
relevance to the author's research. 
As a result of their survey Phan, Vogel & Nunamaker were able to collate a list of 
''common project characteristics and/or factors" for project failure and "actions to 
improve project success in terms of meeting schedule, budget and user expectations" 
as reported by the survey respondents. 
The participant response ra11;! from the field survey was 17%. Responses were 
analysed using the ANOV A and Spearman's rank correlation and were "tested for a 
correlation with the project success indicators (i.e. meeting user requirements, 
suffering cost overruns, and suffering late delivery) using the Spearman Rank 
Correlation test at 95 percent significance level'' (Phan, Vogel, & Nunamaker, 1995). 
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"'Although software project management historically has been notorious for 
cost overruns, late deliveries, and failure to meet user expectations, the results 
of this surwy indicated that progress had been made. A significant sign of 
improvement was the higb proportion, nearly three fourths, of projects that 
were con'iidered to have met user requirements". 
(Phan, Vogel, & Nunamaker, 1995). 
The article discusses the design of the OS/400 case study at length before presenting 
the findings and a wmparison of these with those from the field survey. The article 
concludes listing the key success factors for successfUl software development 
obtained from the survey and the study of the OS/400 project as follows: 
• The provision for user fcedhack mechanisms. "End-users should be involved in 
the entire development process" 
• A "good inventory of reusable code and designs, [which] help to reduce the 
development time" 
• Thorough and enforced project management techniques and quality control 
standards. Including reviews, inspections and tests and close monitoring of 
project changes and identified defects. 
• Sound configuration management. Importantly "software versions must be well-
managed to minimise impacts of design changes during development". CM is 
also required to control resources and ensure requirements are fulfilled. 
(Phan, Vogel & Nunamaker, 1995) 
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A fourth study by van Genuchten (1991) describes a "study of the reasons for delay 
in software development that was carried out in 1988 and 1989". The aim of the 
study was to gain an insight into the reasons for differences between plans and reality 
in development activities in order to be able to take actions for improvement". 
Van Genuchten used Basili, Selby and Hutchens framework of experimentation to 
define the study. Accordingly the definition of the study contains six components. 
The motivation, object, purpose, perspective, domain and scope. He aimed to answer 
several questions regarding the delays which affect software development projects as 
follows: 
• what are the predominant reasons for delay? 
• what is the distribution of the reasons for delay? 
• how is the delay distributed over the phases of a project? 
• which actions for improvement can prevent delay in future projects? 
The article outlined the data collection and analysis processes including the three 
principles for data collection. Data was interpreted "during a meeting attended by 
the project leaders taking part, the department manager and the researcher. In van 
Genuchten's opinion, data of this kind should, in the first place, be analyzed together 
with the people involved in data collection". Six reasons for this are outlined in the 
paper. 
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The important results of the study were presented in four figures. 
I. The frequency distribution of the difference between the planned and actual 
durations. (Bar graph}. 
2. The frequency distribution of the relative difference between the planned 
and actual effort. (Bar graph). 
3. The distribution of reasons for differences between the actual and planned 
starting date. (Pie chart). 
4. The distribution of the reasons for differences between the actual and 
planned durations. (Pie chart}. 
In conclusion, van Genuchten compares the results of his study to those of other 
studies identified in the literature. 
A fifth study by Azuma & Mole (1993) investigates the management practices of 
sortware developers in Japan. It compares these with the practices used by European 
software developers. Data was gathered using a questionnaire which was circulated 
to software managers in both countries. The data was entered into a spreadsheet and 
analysed. The article discusses in depth the results of the survey paying particular 
attention to management practices, including the "use of metrics, standards, and 
process management". This article provided information on some important issues to 
be considered when conducting research using questionnaires. 
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3.3 Literature on the Research Methodology 
Three articles were found which discuss research in software engineering. The first 
is a paper by Basili, Selby and Hutchens ( 1986) which describes "a framework for 
experimentation", and discusses problems and Issues which anse when 
experimenting in software engineering. It also provides "useful recommendations for 
the application of the experimental process in soh ware engineering". The article 
presents a range of experiments using the framework stating that it can be used to 
"analyze most of the experimental work that has been performed in software 
engineering over the past several years". Although the exact framework outlined in 
the article was not used in this study many of its component parts were. 
Fenton, Lawrence Ptleeger and Glass ( 1994) in the article "Science and substance: A 
challenge to software engineers", suggest ways to make research in software 
engineering more scientific by examining and comparing "good experiments with 
flawed u11es". As this study endeavours to use the scientific method this literature 
was invaluable. 
"The software research crisis" by Glass (1994) is an interesting article set in twenty-
first century with the author reflecting on software engineering and software 
engineering research through the 1980's and I <)90's. It explains how a lack of 
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experimentation usmg a scientific approach during the 80's and 90's lead to a 
research crisis. "Almost no computing research to that time [until this time, 
remember the article is written in the future] had used the scientific method (it begins 
with "observe the real world.' No one was doing t:ven that first step, let alone 
fonnulating and validating hypotheses)". The article provided some valuable 
guidelin~s on the use of the scientific method when conducting software engineering 
research. 
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Chapter 4 
RESEARCH DESIGN 
4.1 Design ofthe Study 
This study observed, monitored and collected data about the team leaders and 
software engineering processes undertaken by third year computer science student 
project teams at Edith Cowan University, Mount Lawley campus and Joondalup 
campus, in 1996, during the software engineering developmenl project. This project 
forms the assessment for the third year software engineering units of the computer 
science degree. A prototype data gathering exercise on similar student projects in 
1995 clarified the design method for this study. 
The following activities were undertaken during the study: 
• A literature search to identify relevant literature and similar studies which may be 
used to compare against the results of this study. 
• Data collection via: 
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I. An initial interview with each student involved with the third year software 
engineering project. 
2. Four questionnaires completed by each student involved with the third year 
software engineering project. 
These were ccmpleted at the start and end of first semester and the middle 
and end of second semester. 
The questions were kept as similar as possible for all four questionnaires 
although small refinements were required as the project progressed. 
• Assessment of project ::mccess. Project success or failure was decided by an 
expert judging panel, including the Academic Project Supervisors of the project 
and a industry expert who represented the "client". This occurred on completion 
of second semester. 
• Analysis of data and discussion of results addressing the research questions. 
4.2 Research Subjects 
The subjects for this research were third year students studying computer science at 
an undergraduate level at Edith Cowan University. Students were grouped into 
teams of four to six individuals. The project teams were formed by the Academic 
Project Coordinator using each student's average course score, achieved over the first 
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two years of the r.ourse, in an attempt to ensure et~ch team had the same average level 
of intellectual ability. The distribution of gender, race and age was 1:ompletely 
random. Eleven teams were formed, seven consisting of students from the Mount 
Lawley campus, three from the Joondalup campus and one from the Sunbury 
campus. For logistical reamns only the Mount Lawley and Joondalup teams were 
used in this research. Du..-ing the project one of the Mount Lawley and one of the 
Joondalup teams disbanded, with the remaining members merging into other teams. 
Hence, at the completion of the research there were eight teams, six from the Mount 
Lawley campus and two from the Joondalup campus. 
4.3 Data Collection 
Data was collected in four stages: at the beginning and end of first semester and at 
the middle and end of second semester. In the first stage, data was collected via an 
initial interview and a simplified questionnaire for approximately half the research 
subjects. The other half completed a detailed questionnaire only. A standard 
questionnaire was used for the remaining three stages of data collection. 
During data collection it was important to ensure that the normal operation of the 
team was not altered as Perry, StudPnmayer and Votta (1994, p.36) explain "you 
must ensure that the study does not interfere with normal work". Interference with 
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nonnal working patterns may have hindered the learning of the team members and 
could have affected the data collected. For this reason questionnaires were 
conducted during nonnal lecture time for the first and third questionnaire and after 
the completion and submission of the half year and final project for the second and 
fourth questionnaire. 
When collating responses for questions using a Likert scale, a standard measuring 
tool was used to gauge the position the participant indicated on the scale. This 
ensured all results were recorded using a similar method. 
4.4 Description of Instruments Used 
The instruments used to collect data included an initial interview and four 
questionnaires. Each of these instruments were designed following guidelines from 
questionnaire/survey design text books mainly "Designing sensible surveys" by 
Orlich ( 1978) and "Constructing questions for interviews and questionnaires" by 
Faddy (1993). The questionnaires consisted of a standard set of questions which 
were refined after each stage of data collection and structured so as to discover the 
softw-are engineering processes being used by each group. Also a range of questions 
regarding the project le~der were asked. As suggested by Orlich (1978, p.I9) the 
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questions related to the "purpose or objectives" of the research and endeavoured to 
elicit data which would enable the author to address the research questions. 
The first detailed questionnaire (appendix B) included both forced-response and 
open-ended questions. The first introductory questionnaire (appendix B) and 
questionnaires two, three and four (appendix C, D and E) included only forced-
r, sponse questions. Orlich (1978, p.46) states that from his experiences the response 
rate to open-ended questions is usually "'rather low", this was the case for the first 
detailed questionnaire, hence the open-ended questions were eliminated from 
questionnaires two, three and four. 
The open-ended questions in the first detailed questionnaire were in the form of a 
'please comment' request after a forced-response question. Following Orlich's 
(1978, p.45) guidelines "questions that could be answered 'yes· or 'no' or by degrees 
of agreement or disagreement were in a forced-response fOrmat'" primarily using 
Likert scales with a range of zero to five or zero to ten. Questions which provided a 
list of options from which participant's chose a response were another common 
question type along with 'yes' or 'no' questions. 
All questionnaires asked for the respondents name, gender and study mode together 
with the date the questionnaire was completed, the respondents team number, team 
size and role/responsibility in the team. Respondents names were included on the 
questionnaires so that responses from one questionnaire could be compared with 
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those from others on a participant to participant basis. As students could change 
study mode, teams, roles and responsibilities during the project, this information 
needed to be recorded on each questionnaire. 
It was anticipated that interviews would be conducted after each questionnaire but 
after only a 30% participation rate for the first round of interviews it became evident 
that time constraints on the students were going to make interviews for all 
impossible. Hence, only questionnaires were used to collect data after the initial 
interview. 
4.3.1 Interview and Questionnaire One 
For the first stage of data collection respondents either completed an introductory 
questionnaire (appendix B) and attended an interview or just completed a detailed 
questionnaire (appendh B). The questions were similar for both methods of data 
collection. During the interview respondents were asked to comment on their 
responses to the questions in the introductory questionnaire. where as the detailed 
questionnaire simply asked the respondents to record their comments on the 
questionnaire. The first stage of data collection was to record the current knowledge 
level of the participant's and discover how they felt about their team, their team 
leader and the project. 
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The combined introductory and detailed questionnaire and interview consisted of the 
following question types: 
• Six questions used a Likert scale on which participants marked their 
response. The scale ranged from zero to ten, where zero was the lowest 
response <md ten the highest. 
• Five questions provided a list of options from which participants selected a 
response. 
• Four questions asked the respondents to provide a rank between zero and 
ten, where zero was the lowest or negative response and ten was the 
highest or positive response. 
• There were four questions which required a 'yes' or 'no' response. 
• One question asked respondents to list as many activities as they could and 
another asked them to list the number of occurrences of an event. 
e There were eight 'please comment' questions, which required the 
participant to comment on a response they had made to a question using 
one of the above methods. For instance participants were asked to rate 
their team leaders' management of the people in their team ti'om 0 to 10 
and then comment. On the simplified questionnaire participant's were 
asked to rank the project leader only. In the interview they were asked to 
comment or elaborate on their response. 
The questions are outlined below. 
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How important do you believe project management is to a successful project? 
This question was trying to establish whether the respondents believed that project 
management was an important activity for software development. Participant's were 
asked to rank the importance of project management from 0 not important, to I 0 very 
important. 
Wit at activities do you understand project management entails? 
This question was endeavouring to discover the respondents level of understanding 
of project managemi!nt and project management activities. The level of participant 
knowledge had to be considered when reviewing the results of the research and 
drawing conclusions. It would be unlikely that a project manager on a real world 
project would have no understanding of project management, where as this was the 
case for the student project leaders. 
Wftat effect do you think tfte use oftltese activities ftas on the overall project? 
This question was trying to establish what effect the participant believed project 
management activities had on software development projects. For example "project 
management has a positive effect on the success of a project" or "a project will fail 
without project management". This was an interview question, participant's were 
prompted to reflect on the project management activities discussed in the last 
question and consider the effect performing or not perfonning these activities might 
have on the project. 
What activity(ies) do you think will be the most important for a successful project? 
This question was trying to establish which of the range of software development 
activities undertaken during a project the respondents perceived to be the most 
important to the success of the project. For example "analysis and design", "coding", 
"testing", "management". This was also an interview question. 
What plamrilrg has your team tloue so far? 
This question gave participant's an opportunity to discuss their team's planning up to 
the first stage of data collection. It provided an insight into the activities respondents 
considered to come under the phmning umbrella. Participant's were given a list from 
which they selected the planning activities their group had completed. fhe options 
for this question were: 
I. none; 
2. set date for first meeting; 
3. allocated roles/responsibilities; 
4. formed project plan~ 
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5. allocated tasks and 
6. other. 
Who decided 011 the al/ocatio11 of roles/responsibilities? Were you happy with 
tit is? 
This question established who and how the roles and responsibilities of the team 
members were decided. It provided some insight into the management styles of the 
team members and the team leader, and identified if there was any conflict or 
discontent early in the project. 
During the interview participant's were asked to explain how the team leader had 
been selected and if the participant wns happy with this process and the person 
selected. In the detailed questionnaire three separate questions were used to obtain 
this information. These were: 
1. Who decided on the allocation of roles and responsibilities of' the team 
members? 
a) Project leader b) Group c) Other (plcose specify) 
2. How was this done? 
3. Were you happy with this process? YIN Why? (please comment) 
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Who formed the project pla11? Were you happy with this? 
For this question participant's were asked to choose between: 
a) the group b) the team leader c) other (please specify) 
Also participant's were asked if they were happy with the way the plan had been 
formed. This question gave some insight into the style of management of the team 
leader. 
How important do you believe tire project plan is in the success of your project? 
This question established whether the participant's believed that the project plan was 
important to a project. Participant's were asked to rank the importance of the project 
plan from 0. not important, to 1 0, very important. 
What is the composition of your team? 
This question clarified the information provided by individual team members with 
regard to the size and composition, that is. the number of males/females and/or 
full/part-time students in their team. The members of some teams changed 
considerably in the early stages of the project and because the first round of data 
collection took place over a three week period the change in team composition was 
evident from this question. 
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How well do you know tire otlter members in your team? Please comment. 
A Likert scale was used to record how well participant's knew other members in 
their team. The scale ranged from 'not know at all' to 'know well'. Respondents 
were asked to elaborate on their response, for example, did they know some team 
members well and others not at all or all the team members well, not at all etc. 
A) Do you associate with any memberj· ojym1r team socially? B) If yes, do you 
discuss university when out socially? C) If yes, will you discuss tlze project? 
For part A of this question a Likert scale was used rangmg from 'not at all' to 
'frequently'. The question endeavoured to uncover how well participant's knew and 
related to other members in their team and whether the project was discussed outside 
the formal team meetings and university setting. 
Do you feel uncomfortable working with any members ill your team? Please 
comment. 
This question endeavoured to establish if participant's felt uncomfortable working 
with other members in their team and if so why. The study sample included a 
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diverse range of participant's from varying nationalities and of varying ages. 15% of 
participant's were female. The question prompted participant's to elaborate on what 
or why they felt uncomfortable with some members of their team. In the detailed 
questionnaire two separate Likert scale questions were used to establish this 
information: 
1. Are you happy with your team mix? (Age, gender, nationality, study mode). 
Please comment. 
2. Do you tCel uncomfortable working with any members in your team? Please 
comment. 
This information allowed the researcher to report on the eftCct initial unrest within 
the team had on the project. 
Have you/tad a11y major conflicts ill your team so far? If yes, wit at effect It as litis 
/tad 011 the project? 
This question was used to highlight if any problems had arisen within the team and 
also recorded how the team members thought these atlCcted the project. It was not 
anticipated that teams would have incurred much conflict at that point in the project, 
although some of the decisions which teams make early in the project, such as roles 
and responsibilities of team members, may have caused friction and exposed 
potential conflict areas. 
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How was this conflict ltatJdled? 
This question allowed the respondents to elaborate on their answer to the forced 
response question: "Who handled the conflicts that had arisen to that point in the 
project", where participant's chose between: 
a) handled by the project manager; 
b) handled by the people involved; or 
c) has not been handled yet. 
How woultl you rate tire project /eader:'i' management of tire people irr your team? 
AND 
How would you rate tire project leaders' management of tire project management 
activities? 
Respondents were asked to rate from 0 poor, to 10 outstanding, their team leaders 
management of the people in their team and the project management activities at that 
point in the project. In the interview and on the detailed questionnaire respondents 
were asked to elaborated and justify their ratings. These two questions were asked in 
all four questionnaires. 
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After seei11g the requiremet~ts for the project how many hours do you think it will 
take per week? 
Respondents were requested to estimate the total time they believed the project was 
going to take for the entire project. 
4.3.2 Questionnaires Two, Three and Four 
As mentioned earlier in this section questionnaires two three and four included only 
forced response questions. The questions were kept reasonably similar for all three 
questionnaires although small refinements were required as the project progressed. 
Questionnaire two included the following question types: 
• There were 14 Likert scale questions where 0 was the lowest or negative 
response and 10 was the highest or positive response. 
• Two questions asked respondents to provide a percentage of time they had 
been spending on a list of software engineering and project management 
activities. 
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• Two questions asked respondents to provide the number of hours for a 
particular event. 
o There was one 'yes'/'no' question. 
• One question asked participant's to select from a list of responses. 
Questiotmaire tlrree included similar question types, although the 'yes'/'no' 
question was replaced by a Likert scale question. Also the questions on conflict were 
altered slightly as is outlined in the discussion on the questions below. 
In questionnaire four additional questions were included asking the respondents to 
rank the importance of a list of software engineering and project management 
activities in addition to providing the percentage of time their team had been 
spending on these activities. Also the questions which asked the respondents to 
estimate the number of hours they were spending on the project were eliminated. 
For both questionnaire two and three respondents were asked to respond to the 
questions at the time of completing the questionnaire. This differed for questionnaire 
four where respondents were asked to reflect on the entire project when responding 
to the questions. 
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As the questions for questionnaire two, three and four (appendix C, D and E) were 
reasonably similar they will be discussed together. The questions on each 
questionnaire were grouped into sections. Initially the questions related to the 
software engineering and project management activities being used by the teams. 
The next questions focussed on some of the dynamics of the teams and thesf:! were 
followed by questions focussing on the team leader. Questionnaire two and three 
concluded with general project questions. 
Software Engineeri,ng and Project Management Processes Questions 
The first flUestion on all three questionnaires asked participant's to record the 
percentage of time they had been spending on a given list of software engineering 
activities. The list varied slightly for each questionnaire, for example in 
questionnaires three and four the activities were divided into engineering and support 
activities as outlined below. 
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Table 1. List of the software engineering activities presented in questionnaires two, 
three and four. 
Questionnaire Two Questionnaire Three Questionnaire Four 
Analysis Engineering Engineering 
Design Analysis Ana1ys'1s 
Scope definition Design Design 
Team meetings Programming/Oracle Programming/Oracle 
Programming Oracle Testing Testing 
Risk avoidance/management Implementation Implementation 
Testing Quality Monitoring Quality Monitoring 
Project progress mo~itoring Support Support 
Configuration management Configuration management Configuration management 
Project management Project management Project management 
Other Other 
The question endeavoured to record on what software engineering activities project 
teams were spending their time. 
Questionnaire four asked respondents to rank from one to nine the importance of 
each of the activities given in the list of software engineering activities in question 
one. This was not ashd in questionnaires two or three. 
Next participant's were asked to provide the percentage of time they had been 
spending on a given list of project management activities. Again the list varied 
slightly from one questionnaire to the next. 
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Table 2. list of the project management activities presented in questionnaires two, 
three and four. 
Questionnaire Two Questionnaire Three I Questionnaire Four 
Planning Planning Planning 
Estimation Estimation Estimation 
Scheduling/task allocation Scheduling flask allocation Scheduling/task allocation 
Risk avoidance/management Risk avoidance/management Risk avoidance/management 
Conflict management Conflict resoi.Jtion Conflict resolution 
T earn member management Individual team member lndividLtal team member 
Project progress monitoring communication communication 
T earn meetings Group communication Group communication 
General Project progress monitoring Project progress monitoring 
administration/organisation Other Other 
tasks 
Only the kam leader was required to complete this question for questionnaires three 
and four. 
Questionnaire four then asked participant's to rank from one to nine the importance 
of the project management activities listed. 
J'cam Dynamics Questions 
All three questionnaires asked participanfs to rate on a Likert scale their comfOrt 
level working with the members in their team. Then the number of conflicts, if any, 
was recorded. In questionnaire two this was done using a yes/no response to the 
question: "Have you had any major conflicts in your team so far?". if the response 
was yes, a request to state the number of conflicts. In questionnaires three and four a 
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Likert scale was used to record the number of conflicts with a range from 'none' to 
'many'. Each questionnaire asked the respondents to select the person or people who 
had handled the conflict from the list below. 
1. the project leader 
2. the people involved 
3. the group 
4. some haven't been resolved yet (questionnaire two) 
(questioMaires three and f()IJr) 
5. supervisor (added for questionnaires three and four) 
OR no-one 
finally, each questionnaire asked the respondents to rate, on a Likert scale, the effect 
of the conflict. Questionnaire two used a 'little' to 'great' range on the Likert scale. 
Questionnaires three and fom asked if the conflict had had a positive nr negative 
effect using '-ve' to '+ve' on the Likert scale. 
Project Leader Questions 
These questions focussed on the project leader using twelve Likert scale questions. 
firstly participant's were asked to rate their team leaders' management of the people 
in their team from 'poor' to 'outstanding'. Next they were asked to rate their team 
leaders' management of the project management activities from 'poor' to 
'outstanding'. 
The Hersey and Blanchard (Hodgetts, 1985, p.403) "Situational Leadership Model" 
was used as a basis for the investigation of the leadership styles of the team leaders. 
Ten questions taken from the 1993 British Airways Training Manual tOr the 
"Managing Winners Quality Workshop" were used to determine the leadership 
behaviours of the team leaders. Five questions focussed on the 
supportive/relationship behaviour and Jive on the task/directive behaviour exhibited 
by the team leader. Hodgetts (1985. p.4{)6) explains that "Task behaviour relates to 
the extent to which a leader provides direction for subordinates, such as by telling 
them what to do, when, where, and how. Relationship heha•liour relates to the extent 
to which the leader engages in two-way or multi-way communication by providing 
assistance. advice ami socioemotional support". 1-Iodgetts continues expl:;.;ning that 
these ''two t\ >'':~ of behaviour combine to provide four basis leadership styles I) high 
task and low relatio;-;..:;;1:-;. :1 high task and high relationship. 3) high relationship and 
low task, 4) low relationship and low task" as is presented in figure 1. 
Figure 1. Hersey and Blanchard's "Situational Leadership Model" 
(Taken ti·om Hodgelts, 1985, p.406). 
High 
Low 
Style of leader 
High Relatio11ship High Relationship 
low Task High Task 
Low Relationship High Task 
Low Task Low Relationship 
1oll(ll----------J ...... High 
TASK BEHAVIOUR 
(Directive Behaviour) 
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After each team member had responded to the questions, the teams' responses were 
averaged and a team rank was obtain for the level of supportive/relationship and 
task/directive behaviour exhibited by the team leader. These ranks were then plotted 
onto the model in figure 1, with the taskldirective behaviour on the x axis and the 
level of supportive/relationship behaviour on they axis. 
The team leaders responses to these questions were collated separately. It was 
interesting to compare the team leaders perception of their leadership/manageml:nt 
attributes with ._he teams. 
The ten questions used to determine the team leaders behaviour ratings arc outlined 
below. 
How often does your project leader: 
I. Listen to team members opinions, ideas, information and concerns? 
2. Test to make sure team members have a good understanding of what is to 
''1.": achieved? 
3. l ~! ~~r reassurance, help or guidance as necessary and appropriate? 
4. Provide pennission to act and protection/backup as necessary? 
5. Consider others' needs and point of view when offering suggestions or 
support? 
63 
I 
How often does your project leader: 
1. Express views clearly and emphatically? 
2. Set high expectations? 
3. State the actions or results your team is striving to achieve? 
4. Indicate positive and negative consequences of not meeting expectations? 
5. Offer alternative views and options? 
Each question used a Likert scale ranging from 'never' to 'always' to record the 
response. 
General Project Question 
Questionnaires two and three included two final questions regarding the project in 
general. Questionnaire two asked participant's to state the average number of hours 
they had been spending on the project per week and the number they anticipated they 
would spend for the rest of the project. Questionnaire three simply asked the 
respondents to state the minimum and maximum number of hours they had been 
spending on the project. 
64 
• 
4.5 Data Analysis 
For each stage of data collection the questionnaire responses were grouped according 
to project teams and entered into an Excel spreadsheet. The responses from all team 
members were averaged to give a team response to each of the questions fOr each 
questionnaire. Each of these team responses were then ranked from lowest to 
highest. A Pearson's function between the team's response to the questions and the 
team's final project mark provided a Spearman's Rank Coefficient Correlation score 
for each question. This Spearman's rank score highlighted correlations between the 
questions and the success of the proje~,;t as determined by the team's final project 
mark. The Excel spreadsheets containing the team responses to all questions and the 
corresponding Spearman's correlation for each stage of data collected are presented 
in Chapter 5 for questionnaire one and appendix F, G and H for questionnaires two, 
three and four respectively. 
The Spearman's Rank Coellicient method was chosen tOr two reasons: firstly, it is a 
robust measure which is preferred because " ... most soltwmc measurements arc not 
normally-distributed and usually contain atypical values ... " (Fenton, 1991, p.l 02). 
"The rank correlation coefficient method is not easily influenced by either abnormal 
VC!lues or any non-linearity of the underlying rdationship'' (Mullin & Hope, 1996). 
Secondly, Spearman's rank coefficient method is "considered better for ·behavioural' 
data" (Mullin & Hope, 1996) which best describes the data gflthercd in this study. 
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Chapter 5 
RESULTS 
5.1 Analysis of Interview and Questionnaire One 
Data from the first stage of data collection was gathered in two different ways, via an 
introductory questionnaire and interview for approximately half the respondents and 
via a detailed questionnaire for the other half as described in section 4.3. Both these 
collection methods are presented in appendix B. As outlined in section 4.3.1 the 
detailed questionnaire asked respondents to comment on their answers to forced-
response qm:stions. Those who completed the introductory questionnaire and were 
interviewed were asked to comment or elaborate on their questionnaire responses in 
the interview. The author found that the detailed questionnaire using the 'please 
comment' request instead of a participant interview was not aro successful in 
obtaining data as the interview. This response is similar to that experienced by 
Orlich (1978, p.46) who states that "when open-ended questions are used in some 
surveys, the rate of return tends to be rather low". 
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The responses from both collection methods were collated and entered into a 
Microsotl Excel spreadsheet which is presented in figure two. 
Figure 2. Questionnaire and Interview One Spreadsheet 
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This spreadsheet p~esents the combination of data collected vm the introductory 
questionnaire and interview and the detailed questionnaire as outlined in appendix B. 
In addition to this material other information was gathered during the first stage of 
data collection via the open·endcd questions. Responses from these questions were 
categorised and the infOrmation presented in the tables which fOllow. 
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Wit at activities do you understand project management entails? 
Most participant's understood that project management was managing the project but 
were unable to list specific project management activities. Common responses were 
"to organise the project" and "to organise and control team meetings". 
Table 3. Project management activities listed by the respondents. 
Common Responses Number Percent 
Organising 4 12.5% 
--
Planning 5 15.6% 
Managing Human Resources 3 9.4% 
Scheduling Tasks 9 28.1% 
Monitoring Project 9 28.1% 
Risk Management 0 0% 
Configuration Management 0 0% 
Controlling Project 2 6.2% 
Leading and Motivating Team 7 21.9% 
Estimating 2 6.2% 
Overseeing project 3 9.4% 
Conflict Resolution 3 9.4% 
Other 5 15.6% 
Other responses included: time management; quality assurance, liaise with client. 
administration tasks and decision making. 
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What effect do you think the use oftltese activities It as 011 tire overall project'J 
G~nerally respondents believed that project management did affect project success, 
although they were not confident in describing the effect. 
Table 4. Effect of using project management activities. 
Common Responses Number Percent 
Substantial positive effect 2 6.2% 
Make or break project 3 9.4% 
Very Important 3 9.4% 
If done well project will run smoothly 5 15.6% 
Keep things on track 3 9.4% 
Minimise panic near project completion date 2 6.2% 
Other 3 9.4% 
Other responses included: should make other tasks easier, decrease problems and 
increase amount of quality work completed. 
What activity(ies) do you think will be the most importautfor a successful project? 
The design activity scored highest of all activities for this question. This may be 
because the major focus for participant's at this time in the project development was 
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the software design, that is, !n first semester participant's had to design the software 
product, in second semester they had to develop the product. 
Table 5. List of importance of software engineering activity for project success. 
Common Responses Number Percent 
Analysif, 4 12.5% 
Requirements specification I understanding 2 6.2% 
Design 7 21.9% 
Scope definition 4 12.5% 
Planning 1 3.1% 
Project management 3 9.4% 
Monitoring Tracking 0 0% 
Coding Programming 0 0% 
Testing 1 3.1% 
Configuration I change management 0 0"/o 
Other 0 0% 
What plamtiug has your team tloue so far? 
Most teams had not formally defined the tasks to be completed during the initial set 
up and planning phase of the project. Generally teams had decided on who was 
going to lead the team but had not clearly identified other roles/responsibilities of 
team members and therefore had not allocated these to specific team members. 
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Table 6. Teams planning at first stage of data collection. 
Common Responses Number Percent 
Research and reading activities 3 9.4% 
Allocated only some, major roles eg. PM 6 18.7% 
Allocated team membe; role & responsibilities 2 6.2% 
Discussed project plan informally 5 15.6% 
Formed informal project plan 2 6.2% 
Form formal documented project plan 1 3.1% 
Other 1 3.1% 
Other responses included: developed documentation standards. 
Who formed the project plan? Were you happy with /Iris? 
This question gave some insight into the style of management of the team leader, 
although most teams had not yet formed the plan at the time of the first round of data 
collection. or those respondents whose team had formed a project plan all were 
happy with the way this had been done. 
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Table 7. Who formed the project plan. 
Common Responses Number Percent 
Group members 5 15.6% 
Project leader I manager 3 9.4% 
Have not formed plan 8 25% 
Other 0 0% 
Wlto decided 011 tire allocatiou of roles/respousibilities? Were you happy with 
this? 
This question gave further insight into the management styles of the team l~aders. 
Only one respondent was not happy with this process, explaining huw their group 
looked at the skills of team members to decide on roles. They stated that some team 
members said they did not have skills so they did not haw to cln certain tasks. 
Table 8. Who decided on the al~ocation of roles and responsibilities? 
Common Responses Number Percent 
Group members 6 31.6% 
Project leader I manager had final choice 2 10.5% 
Looked at skills and allocated tasks 7 36.8% 
accordingly 
Team members volunteered for jobs they 4 21% 
wished to do 
Other 0 0% 
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Have you/tad a11y major conflicts in your team so far? 
This question was used to highlight if any problems have arisen to date within the 
team. 
Table 9. Team conflicts 
Common Responses Number 
No 15 
Yes 
Just teething problems 2 
Other 
If yes, how has this affected the project? 
This question was used to establish if the team members felt the conflict was 
affecting the project, either positively or negatively. 
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Table 10. Effect of conflict on project. 
Common Responses Number 
Hasn't 1 
Negatively 
Decreased productivity 
Decreased team cohesion 
Positively 
Increased productivity 
Increased team cohesion and motivation 
Other 
How was this conflict lrmulled? 
This questions allowed the participant to elaborate on an answer in the questionnaire 
where they chose between: 
a) handled by the project manager; 
b) hdndled by the people involved; or 
c) has not been handled yet. 
Table 11. How has conflict been handled? 
Common Responses Number 
By project leader 
By all group members 
By people involved 1 
Hasn't been yet 
Other 
Do you believe the project leader is managing the team well ami a/f the 
responsibilities they have? 
This questions allowed the participant to elaborate on an answer in the questionnaire 
where they ranked the team leaders' manageml!nt of the people in their team and the 
project management processes. 
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Table 12. Project leaders management of the team and the processes. 
Common Responses Number 
Yes 4 
No 
OK 6 
Not bad 2 
Hard to tell as hasn't done much 2 
Too early to tell 5 
Other 
Wit at is the composition of your team? 
Table 13. Team composition. 
Common Responses Number 
All males 10 
Mixed sex 5 
Mixed study mode 1 
Mixed Nationality 3 
Other 
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After seeiug the requirements for the project how ma11y hours do you think it will 
take per week? 
This question asked the respondent to estimate the average hours per week they 
believed the project would take for the year. 
Table 14. Amount of time project will take over the entire year. 
Common Responses Number 
8 hrs 4 
10 hrs 4 
12 hrs 4 
15 hrs 2 
18 hrs 1 
20 hrs 1 
25 hrs 1 
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5.2 Analysis of Questionnaire Two, Three and Four 
As discussed in section 4.4 information was recorded during the second. third and 
fourth stages of data collection via three separate questionnaires using forced 
response questions only. The responses from each of these questionnaires were 
entered into three separate Microsoft Excel spreadsheets. The spreadsheets. 
including the Spearman's rank correlation as discussed in section 4.5. are presented 
in appendix F, G and H respectively. 
In order to facilitate easier analysis of the data from each spreadsheet the results have 
been collated and presented in a combined format below. Question responses Ji·om 
each questionnaire have been presented in one table. It is important to note that the 
fourth questionnaire requested respondents to reflect on the entire projf.!ct when 
ar.&wering the questions. hence the results of' the forth questionnaire should. to a 
'"Iegree, reflect the combined results for questionnaire two and three. 
As outlined in section 4.3.2, the questions on each questionnaire were grouped into 
sections. Initially the questions related to the software engineering and project 
management activities being used by the teams. These were followed by questions 
focussing on some of the dynamics of the teams, followed by a series of questions 
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regarding the project leader. Questionnaires two and three concluded with general 
project questions. 
Software Engineering Processes Questions 
The tirst group of tables presents the data from the questions which focussed on the 
software engineering activities undertaken by the teams. 
What percentage of time has your group been spending on a11alysis? 
Table 15. Percentage of time teams E;pent on analysis. 
Team ML1 ML2 ML3 ML4 ML5 ML6 J01 J02 
Questionnaire 
2 22 19 12 12 14 19 18 15 
3 13 14 6 13 8 7 
4 16 10 15 11 9 11 18 16 
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What percer.tage of time has your group been spending 011 tlesign? 
Table 16. Percentage of time teams spent on design. 
Team ML1 ML2 ML3 ML4 ML5 ML6 J01 J02 
Questionnaire 
2 23 16 11 21 22 26 23 20 
3 16 25 14 17 9 31 
4 23 20 15 19 21 20 19 20 
W!rat percentage of time has your group been spending 011 progranrmiug/Orac/e 
activities? 
Table 17. Percentage of time teams spent on programming/Oracle activities. 
Team ML1 ML2 ML3 ML4 ML5 ML6 J01 J02 
Questionnaire 
~ 4 1 6 10 2 2 3 6 
' 
3 33 21 40 25 50 36 
4 27 41 26 31 26 30 36 27 
80 
What percentage of time ltas your group been spending on testing activities? 
Table 18. Percentage of time teams spent on testing activities. 
Team ML1 Ml2 ML3 ML4 ML5 MLS J01 J02 
Questionnaire 
2 4 10 7 8 11 6 7 5 
3 15 11 5 7 12 12 
4 9 11 11 9 16 27 7 8 
What percentuge of time has your group been spending otr quality monitoring 
activities? (In questionnaire two this question asked for project progress monitoring 
only). 
Table 19. Pereentage of time teams spent on quality monitoring activities, 
Team ML1 ML2 NIL3 ML4 ML5 MLS J01 J02 
Questionnaire 
2 5 6 8 9 11 8 6 6 
3 8 7 9 3 6 7 
4 7 4 9 9 8 12 4 8 
8/ 
What percentage of time has your group been spending 011 conjiguratio11 
management activities? 
Table 20. Percentage of time teams spent on configuration management activities. 
Team ML1 ML2 ML3 ML4 ML5 ML6 J01 J02 
Questionnaire 
2 4 6 4 9 8 5 6 7 
3 8 11 6 12 6 2 
4 6 6 7 11 B 3 4 6 
What percentage of time Jras your group been spending 011 project management 
activities? 
Table 21. Percentage of time teams spent on project management activities. 
Team ML1 ML2 ML3 ML4 ML5 ML6 J01 J02 
Questionnaire 
2 8 16 17 B 12 8 13 18 
3 8 12 14 17 9 5 
4 
II 
8 9 11 10 13 4 7 15 
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What percentage of time has your group been spending on other u11listed 
activities? (This question was only asked in questionnaire 3 & 4). 
Table 22. Percentage of time teams spent on other activities. 
Team ML1 ML2 ML3 ML4 ML5 ML6 J01 J02 
Questionnaire 
, 
3 0 0 B 7 1 1 
4 3 0 2 0 0 0 4 1 
Although respondents were asked to list other activities none were recorded. 
Project Management Processes Questions 
The following group of questions focussed on the project management activities 
undertaken by the teams. 
What percentage of time ltas your group bee11 spending 011 planning activities? 
(For questionnaires three and four, only the project leaders were required to respond 
to this question. The response rate was not 100% for all questionnaires). 
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Table 23. Percentage of time teams spent on planning activities. 
Team ML1 ML2 ML3 ML4 ML5 ML6 J01 J02 
Questionnaire 
2 17 14 14 10 11 19 15 14 
3 20 10 20 50 
4 10 15 20 20 20 30 10 20 
Wflat percentage of time lias your group been :,pending OJJ estimation activities? 
Table 24. Percentage of time teams spent on estimation activitias. 
Team ML1 ML2 ML3 ML4 ML5 ML6 J01 J02 
Questionnaire 
2 9 13 14 20 19 5 16 11 
3 10 15 5 10 
4 5 10 5 10 10 5 I 15 5 
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What percentage of time lzas your group been spending on sclzeduliltgltask 
allocation activities? 
Table 25. Percentage of time teams spent on scheduling/task allocation activities. 
Team ML1 ML2 ML3 ML4 ML5 ML6 J01 J02 
Questionnaire 
2 11 12 9 6 7 8 11 15 
3 20 35 8 20 
4 10 15 20 20 10 10 5 10 
Wlzat percentage of time has your group been spending 011 risk management 
activities? 
Table 26. Percentage of time teams spent on risk management activities. 
Team MLJ ML2 ML3 ML4 ML5 ML6 J01 J02 
Questionnaire 
2 4 4 6 4 8 10 8 3 
3 10 10 12 5 
4 10 10 13 10 5 10 10 10 
85 
What percentage of time has your group been spending 011 conflict reso/ulion 
activities? 
Table 27. Percentage of time teams spent on conflict resol~.:iion activities. 
Team WrL 1 ML2 ML3 ML4 ML5 ML6 J01 J02 
Questionnaire 
2 4 4 5 9 7 3 0 4 
3 5 0 0 0 
4 10 10 2 10 5 5 10 5 
What percentage of time ltas your group been spe11ding on imiividual team 
member cmmmmicatimr? (in questionnaire two this question asked respondents to 
report on team member management). 
Table 28a. Percentage of time teams spent on individual team member 
communication. 
Team ML1 M:..2 ML3 ML4 M1.5 ML6 
Questionnaire 
2 5 7 5 7 5 7 
3 10 0 20 5 
4 25 15 20 5 15 10 
J01 J02 
8 6 
10 20 
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What percentage of time spe11t ltas your group been spe11ding 011 group 
communication? (In question.rmire two respondents were asked to report on time 
spent on/in team meetings). 
Table 28b. Percentage of time teams spent on group communication. 
Team Ml1 Ml2 ML3 ML4 Ml5 MLG JO~ J02 
Questionnaire 
2 27 14 20 12 14 14 9 15 
3 10 10 25 5 
4 20 10 15 10 10 15 15 20 
Wit at percentage of time spent hn.\' your group bee11 spendi11g 011 project progress 
monitoring? 
Table 29. Percentage of time teams spent on project progress monitoring. 
Team Ml1 Ml2 Ml3 Ml4 Ml5 MLG J01 J02 
Questionnaire 
2 6 11 9 8 12 10 8 11 
3 15 20 10 5 
4 10 15 10 15 25 15 5 10 
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Wit at percentage of time spent has your group been spemling ou other/general 
administration activities. 
Table 30. Percentage of time teams spent on other general administrative activities. 
Team ML1 ML2 ML3 ML4 MLS ML6 J01 J02 
Questionnaire 
2 12 8 10 17 6 7 14 14 
3 0 0 0 0 
4 0 15 0 0 0 0 20 0 
-
Team Dynamics Questions 
The following tables present the results of the questions which focussed on the team 
dynamics. 
Please rate y1ur level of comfort witlt the members of your team? (0 very 
uncomfortable- 10 vcrj' ~omfortable). 
Table 31. Tea.~-~ members level of comfort with other team members. 
Team ML1 ML2 ML3 ML4 ML5 MLS J01 J02 
Questionnaire 
2 5.3 2 3.5 3.3 1.9 1 3 2 
3 4 6 6 8 8 6 
4 8 7 7 8 7 7 6 9 
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How many conflicts has your team /tad to date? (Questionnaire two asked for an 
exact number of conflicts, where as questionnaire three and four asked respondents to 
rat~ the number of conflicts on a Likert scale between none (0) llnd many (1 0). 
Table 32. Number of conflicts teams experienced during the project. 
Team ML1 ML2 ML3 ML4 ML5 ML6 J01 J02 
Questionnaire 
2 0 0 0.5 40 0 0 0 2 
3 6 3 1 5 4 1 
4 3 3 4 2 4 2 5 2 
Wftat effect (positive or negative) !rave these cmrjlicts had 011 the project? 
(Qucstion'.Htirc two asked respondents to rank the effect of the conflict on a Likert 
scale between little (0) and a great deal (1 0). Questionnaire three and four asked 
respondents to rank the conflict between -ve and +ve). 
Table 33. Effect of conflict (positive or negative) on the project. 
Team ML1 ML2 Ml.3 ML4 ML5 ML6 J01 J02 
Questionnaire 
2 5.3 2 3.5 3.3 1.9 1 3 2 
3 4 6 6 8 8 6 
4 8 7 7 8 7 7 6 9 
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Project Leader Questions 
The following tables present the information from those questions which focussed on 
the teams project leader. 
How would you rate your team leatlers' ma11agement of the people iu your team? 
(0 poor- 10 outstanding). 
Table 34. Teams rating of project leaders' mailagement of the people in the team. 
Team ML1 ML2 ML3 ML4 MLS ML6 J01 J02 
Questionnaire 
2 7 8 6 4 8 6 9 5 
3 1 6 7 3 7 7 
4 5 6 7 1 7 8 7 8 
How woultl you rate your team leaders' mmwgemeut of the project management 
activities? (0 poor- 10 outstanding). 
Table 35. Teams rating of project leaders' management of the people in the team. 
Team ML1 ML2 ML3 ML4 MLS ML6 J01 J02 
Questionnaire 
2 5 8 6 4 7 7 8 5 
3 1 6 7 3 7 7 
4 6 6 6 0 8 8 7 9 
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The following 10 tables present the results from a series of questions used to 
establish a support and challenge ranking for each team leader, as discussed m 
section 4.3.2. under the "Project Leader Questions". 
How often does your project leader listen to team members' opinions, ideas, 
information ami crmcems? (0 poor- I 0 outstanding). 
Table 36. Team leader relationship behaviour- question one. 
Team ML1 ML2 ML3 ML4 ML5 ML6 J01 J02 
Questionnaire 
2 9.2 8.4 9.2 4.3 9.4 8 9.8 8.2 
3 3 6.1 9.3 2.6 6.5 9.4 
4 9.7 7 8.1 2 6.9 9.8 9.6 9.3 
How often does you,,. project leader test to malce sure team members /wve a good 
umlerstamliug of what is to be achieved? (0 poor- 10 outstanding). 
Table 37. Team leader relationship behaviour- question two. 
Team ML1 ML2 ML3 ML4 ML5 ML6 J01 J02 
Questionnaire 
2 8.4 7 3.4 4.3 8.9 4.7 8.3 4.4 
3 4.3 6.2 6.4 4.3 7.2 7.7 
4 7.8 5.7 6.9 1 6.8 5.6 6.7 6.3 
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How ,often does your project leader offer reassura11ce, ltelp, or guidance as 
necessary ami appropriate? (0 poor- 10 outstanding). 
Table 38. Team leader relationship behaviour- question three. 
Team ML1 ML2 ML3 ML4 ML5 ML6 J01 J02 
Questionnaire 
2 8.4 8.3 6.3 1.3 8.4 4.3 7.5 4.9 
3 5.8 5.22 7.5 2.5 6.6 7.8 
4 8.8 7 7.1 0.3 6.1 6.6 6.1 8.6 
How often does your project leader providt~ permissiou to act am/ 
protection/backup as necessary? (0 poor- I 0 outstanding). 
Table 39. Team leader relationship behaviour- question four. 
Team ML1 ML2 ML3 ML4 ML5 ML6 J01 J02 
Questionnaire 
2 6.7 8.4 5 4.3 8.4 4.3 9.3 4.4 
3 9.7 6.1 8.23 4.6 7 7.77 
4 8.7 6.5 6.7 4.3 6.2 8.2 4.9 8 
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How often does your project leader consider others' needs am/ points of view wizen 
offering suggestions or support? (0 poor - 10 outstanding). 
Table 40. Team leader relationship behaviour- question five. 
Team ML1 ML2 ML3 ML4 ML5 ML6 J01 J02 
Questionnaire 
·---
2 7.4 8.8 6.7 4.3 8.2 5.3 9 8 
3 7.7 6.6 7.3 3.4 6.9 7.7 
4 9 6.7 7.6 3 6.6 9.7 9.5 9.2 
How often does your project leader express view clearly aud emphatically? (0 
poor- I 0 fJutstanding). 
Table 41. Team leader task behaviour- question one. 
Team ML1 ML2 ML3 ML4 ML5 ML6 J01 J02 
Questionnaire 
2 7.1 8.4 6.3 4.7 9 4.3 6.7 6.9 
3 2.3 6.2 7 3.1 8.2 6.1 
4 5.2 5.5 8.7 2 7.5 9.3 7.9 8.7 
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How often does your project leader set ltigh expectations? (0 poor - 10 
outstanding). 
Table 42. Team leader task behaviour- question two. 
Team ML1 ML2 ML3 ML4 ML5 MLG J01 J02 
Questionnaire 
2 7.1 8.6 4.3 8.5 10 4.2 6.3 6.2 
3 5.4 8.6 6.5 5.2 8.9 7.5 
4 6.7 7.3 8.5 3 8.7 5.6 6.6 6.7 
How often does your project leader state tlte actions or results tlte team is trying to 
aclrieve? (0 poor- 10 outstanding). 
Table 43. Team leader task behaviour- question three. 
Team ML1 ML2 ML3 ML4 ML5 ML6 J01 J02 
Questionnaire 
2 6.4 7.9 4.3 5.3 6.6 3.5 8 5.6 
3 4.4 7.4 6.4 1.1 7.4 7.3 
4 5.7 6.3 7 1.5 9.3 8.3 6 8.9 
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How often does your project leader indicate tlze positive aud negative co11sequences 
of not meeting expectations? (0 poor- 10 outstanding). 
Table 44. Team leader task behaviour- question four. 
Team ML1 ML2 ML3 ML4 ML5 MLG J01 J02 
Questionnaire 
2 6.5 7 5 6.2 7.6 4.2 7.2 6 
3 6.9 7.7 7.7 4.8 8.3 8 
4 7.5 6.2 6.4 3 9 6.5 5.9 9.3 
How often tloes your project leader offer alternative l'iews and options? (0 poor -
I 0 outstanding). 
Table 45. Team leader task behaviour- question five. 
Team ML1 ML2 ML3 ML4 ML5 MLG J01 J02 
Questionnaire 
2 8.9 7.9 5.2 3 7.1 3 9.3 5.4 
3 5.3 6.4 6.4 3.5 5.9 8 
4 7.5 7 6.5 0.83 9 6.7 8.6 9.2 
The pro_iect leaders' final relationship (supportive) I task (directive) behaviour 
ranking's are presented in the following two tables. 
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Level of relationship (supportive) behaviour of tire project leaders as tie/ermined bv 
the team members. 
Table 46. Level of relationship (supportive) behaviour of the project leaders as 
determined by the team members. 
Team ML1 ML2 ML3 ML4 ML5 ML6 J01 J02 
Questionnaire 
2 8 8.2 6.2 3.7 8.6 5.3 8.8 5 
3 6.1 6.1 7.7 3.5 6.8 8.1 
4 8.8 6.6 7.3 2.1 6.5 7.8 7.4 8.3 
Level of task (directive) behaviour of tile project leaders .as determi11ed by the team 
members. 
Table 47. level of task (directive) behaviour of the project leaders as determined by 
the team members. 
Team ML1 Ml2 ML3 ML4 ML5 ML6 J01 J02 
Questionnaire 
2 7.2 7.9 5 5.5 8.5 3.8 7.5 5 
3 4.9 7.3 6.4 3.5 7.8 7.4 
4 8.8 6.5 7.4 2.1 8.5 7.5 7 8.6 
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Figure 3 presents the rank for the level of relationship and task behaviour of the 
project leaders as perceived by the team members plotted on Hersey and Blanchard's 
Situational Leadership Model. exhibited 
Figure 3. Rank for the level of relationship and task behaviour of the project leaders 
as perceived by the team members plotted on Hersey and Blanchard's 
"Situational Leadership Model". 
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When collating lhc responses from the relationship and task questions the team 
member responses were separated from the project leaders'. The following two 
tables present the project leaders perception of the level of relationship and task 
directive behaviour they perceive they exhibited. 
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Level of relations/rip (...:upportive) b<?haviour of the project leade;-s as perceived by 
the project leaders. 
Table 48. Level of relationship (supportive) behaviour of the project leaders as 
perceived by the project leaders. 
Team ML1 ML2 MLJ ML4 ML5 ML6 J01 JQ2 
Questionnaire 
2 7.1 7.4 9.6 8 5.4 10 79 6 
3 9.4 7 5}i 6.5 
-
4 6.5 9.8 9.8 8 5.3 8 4.5 6.8 
Level of task (directive) behaviour oftlw project /eaclers a.\· tie/ermined bv the team 
leatlers. 
Table 49. Level of task (directive) behaviour of the project leaders as determined by 
the team leaders. 
Team ML1 ML2 ML3 ML4 Ml5 ML6 J01 J02 
Questionnair~ 
2 3.2 9.3 9.4 5 9 9 6.3 6 
3 9.4 5 9 5.8 
4 2.5 8.8 9.9 4 9.5 7.3 7 7.2 
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5.4 Project Success Evaluation 
As discussed in section 4.1 the student projects were marked by an expert judging 
panel consisting of the Academic Project Supervisors and the ''client" who \Vas an 
external industry representative. Project success was determined by the final project 
mark achieved by the teams. Projects were marked in a number of areas as outlined 
below. 
Project FHe 
Project plans 
Timesheets 
Meetings 
Project reports 
Roles & responsibilities 
Management of the process 
Configuration management 
Standards 
Risk management 
Quality ofT csting 
Test plan 
Scope of testing 
Test environment 
Test results 
Completeness of other aspects (Security, auditing. tests tested etc.) 
Maintenance Documentation 
Design updates 
Data dictionary 
Code 
Maintainability 
Completeness of other aspects (hardware software environment 
conversion, manual methods) 
User Documentation 
Usage guidelines 
Reference/help 
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Application of standards 
Document readability 
Document format and style 
Presentation 
Statement of the problem 
Exrlanation of the approach taken 
System functionality 
System quality 
Overall presentation 
Marks were allocated against each of these criteria for each team and this infonnation 
was entered into a spreadsheet. A Spearman's Rank Correlation was calculated and is 
included on this spreadsheet which is present in appendix I. 
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Chapter 6 
DISCUSSION 
6.1 Discussion of Results and Findings 
The main objective of this research was to observe, record and report on: 
o the software engineering and project management processes undertaken during 
software development 
• the leadership/management styles of team leaders of software development 
projects. 
Analysis of the data collected during the research highlighted several significant 
correlations together with other interesting findings. This discussion focuses 
primarily on questionnaire tOur as this reflects the practices and processes undertaken 
over the entire project. Results from questionnaires one, two and three arc included 
where relevant. As discussed in section 4.3.2 the data collection questions were 
grouped into several topic areas: questions relating to the software engineering and 
project management activities used by the teams; questions focussing on some of the 
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dynamics of the teams; and questions focussing on the team leader. This discussion 
of results and findings will be presented under these question groupings, similar to 
the results of the research in section 5.2. 
Software Engineering Processes Questions 
When rev1ewmg the software development activities undertaken by the student 
software engineering teams, the most significant correlation was between the 
percentage of time teams spent on the design of the software product and the final 
project mark. This supports the common theory that the initial design of software 
products is of crucial importance to the success of the development project, as 
Sommerville ( 1992, p.l72) states "good design is the key to effective engineering". 
In similar research conducted using the same subjects as this research Mullin and 
Hope ( 1996, p.l29) conclude that "the most consistently significant contributor to a 
good product is the proportion of time spent testing". In this research the percentage 
of time spent on testing produced the second highest correlation with project success 
behind design activities. In the analysis of questionnaire three the percentage of time 
spent testing coiTelated the highest with project success. Testing is the process of 
reviewing a software product with the objective to highlight errors. "We test a 
program in order to demonstrate the existence of an error" (Lawrence Pfleeger, 1987. 
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p.270). Those teams which spent considerable time on testing activities were 
rewarded with a more successful project than those that did not. 
Interestingly there was a negative correlation between the percentage of time teams 
spent on programming and project success, suggesting that large quantities of time 
spent on coding does not increase project success. The negative correlation with the 
percentage of time spent coding and the positive correlation with the pcrcentag.e of 
time spent on design suggests tl.at time spent developing a clear. thorough design 
leads to a decrease in the coding effort required, primarily due to the minimisation of 
re-work. This ultimately leads to a more successful project. 
Project Management Processes Questions 
When reviewing the project management activities undertaken by the software 
development project team leaders there were no highly signifidmt positive 
correlations between specific activities and project success, although the responses to 
questionnaire two showed a significant positive correlation with the time teams spent 
on project progress monitoring activities. Also in the analysis of questionnaire four, 
progress monitoring was the highest ranking project management activity. Sallis. 
Tate and MacDonell ( 1995, p.81) explain that "the establishment of process 
management principles is only worthwhile in the long term it assessment of the 
/03 
effectiveness is undertaken". This can be done only if the project is accurately 
tracked and project plans and schedules are constantly reviewed and updated to 
reflect pmject changes. 
This research suggests that tracking and monitoring activities does have a positive 
effect on project success. In addition tracking and monitoring provide the software 
industf)' with much needed historical data on development projects which allows 
software engineering professionals to review the software development process and 
investigate improvement opportunities. as Sallis, Tate and MacDonell ( 1995. p.81) 
outline "project progress must be tracked and documented so that ... the software 
process (including process management) can be analysed and impro\·cd''. 
There was one signiticant negative correlation between the percentage of time teams 
spent on risk management activities and the success of the project. suggesting that 
time spent on risk management had a negative effect on project success. This 
strongly conflicts with existing beliefS that lisk managt:ment increases the likelihood 
of project success, by eliminating un-managed risk clements. Boehm states how 
(1989, vi) "the problems widely associated with software project disasters can be 
avoided or strongly reduced if there is an explicit early concern with identifying and 
resolving high risk elements". The results of this research show that the team with 
the highest p~oject mark actually spent the least percentage of time on risk 
management 5%. though in real time this was actually 85 hours. The team with the 
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lowest final project mark. who spent the most perce:1tage of time on risk 
management, 13%, actually only spent 60 real hours of time. Hence this finding may 
be misleading due to the use of percentages of time rather than real hours. 
Project Leader Questions 
The results showed a significant positive correlation between the team members 
rating of the effectiveness of the leaJers' management of their project management 
responsibilities and the success of the project. This suggests that effective 
management of the processes of project management has a positive dTect on the 
project succes.•:; as Sommerville ( 1992, p.492) states .. goCld software project 
management is essential if software engineering projects arc to be developed on 
schedule and within budget". Sallis, Tate and MacDonell (195, p.4G) agree saying 
that ''the likelihood of a successful outcome in a development project is influenced 
greatly by the management methods used". 
When analysing the data collected on the team leaders it was evident that a high level 
of task/directive behaviour exhibited by the team leader was important for success. 
Directive behaviour is described in section 4.3.2 under the project leader questions 
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heading. Of the five questions relating to the task or directive behaviour of the team 
leader three conelated highly with the final project mark. 
Hodgetts (1985, p.407) writing on Hersey and Blanchard's "Situational Leadership 
Model" explains how different leadership styles should be used for different teams of 
individuals depending on their "maturity level" and knowledge in the project area. 
Hodgetts states that a "selling" leadership style where "the leader provides buth 
directive and relationship behaviour" is most appropriate fOr "individuals of low to 
moderate ITlJ.turity" which best describes the subjects in this study. Seven of the 
eight team leaders in this research exhibited both directive and relationship 
leadership behaviour see l'igure 3. 
6.2 Addressing Research Questions 
• What coutributio11 does project management make to the success of a software 
development project? 
The importance of project management to successful projects has been well 
documented by authors such as Sallis, Tate and MacDonell (1995, p.46), 
Sommerville ( 1992, p.492), Pressman (1992. p.42) and Snyder and Shumate 
(1992, p.12). Although no significant correlations between the percentage of time 
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teams spent on project management activities and the success of the project were 
identified by this research, the author is of the belief the project management 
activities undertaken by the team leaders was an important contributor in the 
success of the software development projects. Anecdotal evidence gathered 
during the completion of the fOurth questionnaire by the author suggests tlmt the 
respondents, third year students, did not identify some of the tasks they were 
undertaking as project management activities. Hence they under estimated, both 
the percentage of time and the importance of the activities. 
It could be argued also that more successful teams spent less time on project 
management activities, hence the lack of correlation between time spent on project 
management and project success. because they completed the activities more 
efficiently than less successful teams. 
a Wlriclr pr~iect ma11agement activities contribute most to tire success of a 
software deve/opme11t project? 
The effectiveness with which all project management activities are carried out is of 
vital importance to project success as stated by Sallis. Tate and MacDonell ( 1995, 
p.46). Sommerville (1992, p.492), Pressman (1992, p.42) and Snyder aad 
Shumate ( \992. p.l2). Of the software development project management 
activities completed during this software development project, time spent on 
project progress monitoring was identified as one of the most important 
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contributors to success. Planning was the second highest correlating activity. 
Badiru and Pubt ( 1995, p.39) claim that "the key to a successful project is good 
planning". 
• What leaders/rip styles are assodated witlr project manager:; 011 succ~::ssful 
software projects? 
When endeavouring to select leaders it is imperative to consider the many factors 
such as: the working environment. the project and the skills and personal traits of the 
human resources that can int1uence the effectiveness of the leadership. as Rnbbins 
(1988, p.384) outlines "a manager can be unsuccessful in one leadership ~:tuation 
and quite successful in another". 
The significant Spearman's correlations identified in this research highlight that 
directive behaviour seems to be the major leadership style associated with project 
managers on successful project~ when dealing with team members with a "low to 
moderate level or maturity" (Hodgetts, 1985, p.407). Anecdotal evidence, collected 
by the author and the academic project supervisors, of the firm assertive leadership 
displayed by the leader of the most successful student software development team 
support this finding. 
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Chapter 7 
IMPLICATIONS AND CONCLUSION 
7.1 Implications 
This study confirms the established belief in thl! value of both software design and 
testing activities. It has established also that ongoing project progress monitoring has 
a positive etTect on project success nnd thus should be a tOcus for project leaders. 
"Good leadership is an essential component of project management". . (Badiru & 
Pulat. 1995. p.27). Selecting a project manager requires careful consideration 
because they arc responsible for some of the most crucial activities undertaken 
during the project. The selection should be done taking into consideration the 
numerous varying factors which can influence leadership, including: the work 
t;nvironment, the project, and the skills and personal traits of the human resources. 
Findings from this research suggest that managers on projects with individuals with 
"low to moderate maturity levels" (Hodgetts, 1985, p.405) should have sound 
109 
technical knowledge and the ability to challenge and direct team members, but most 
importantly they must have the ability to be flexible in their leadership styles to 
accommodate a range of environments, projects and most importantly human 
resources. 
7.3 Enhancements to the Study 
As the student project at Edith Cowan is ongoing the opportunity exists to repeat and 
retine the research. A number of areas requiring impmvement were highlighted 
during the research which would substantially improve future research and 
consequently the results. These include: 
• a clearer explanation to ALL research subje::ts of the reason and importance of 
the research which would help to ensure a I 00% participation from the subjects; 
• removal of the initial questionnaire and ink.niew which, although they were of 
general interest, did not serve to provide any data useful in answering the 
research questions; 
• closer attention to the creation of the research instruments, especially the 
language used to ensure questions are clear and unambiguous; 
1/0 
• analysis of the design of the research is required to investigate if other techniques 
can be used to elicit data which is more useful in answering the research 
questions; 
.. finally psychometric tests of the team leaders should be conducted by an 
professional. 
7.4 Thesis Conclusion 
The main objective of this research was to observe and report on the software 
engineering and project management processes undertaken during software 
development and the leadership of the soitware development teams involved. The 
subjects were software engineering students completing a softwnre development 
project as part of their assessment fOr the Computer Science degree at Edith Cowan 
University. All teams had the same development objectives, development 
environment and access to resources. Thi~. provided a rich research environment, 
rarely available using 'real world' software development projects. Data was 
collected in four stages via an initial interview and questionnaire for the first stage 
and via three questionnaires for the remaining stagL:.s. 
Ill 
Data from each of the four data collection stages were entered into separate 
spreadsheets and a Spearman's Rank Correlation Coefficient calculated. Analysis 
and discussion of the data collected allowed the research questions to be addressed 
and implications to be drawn from the research. 
The author believes that this research is of significant value to the software 
engineering profession. It adds to the existing Body Of Knowledge on project 
management and endeavours to address the ''Research Crisis" discussed by Glass by 
observing. recording and, to a degree, quantit)'ing software development processes. 
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Appendix A 
SOFTWARE ENGINEERING FAILURES 
Appendix A presents a list of documented pr~ject failures. The first was taken from 
"Risk to the Public in Computer and Related Systems" by Peter Neumann published 
in the ACM SIGSOFT September 1996. The second was compiled by Sherer. The 
third was documented in the artie!~ "Incessant Stories of Big Computer Systems'' a 
feature story in the Nikkei Computer Journal in June 1990. 
Taken from: 
Neumann, P.G. (1996). Risks to the public in computers and related systems. 
ACMSJGSOFT. 21(5). 13-19. 
Largest computer error in US banking history: US$763.9 billion. 
When Jeff Ferrera and Cindy Broadwater checked their checking balance at the First 
National Bank of Chicago. the automated voice gave it as $924,844,208.32. More 
than 800 other folks had similar stories to tell. The sum total for all accounts was 
$763.9 billion, more than six times the total ussets of First Chicago NBD Corp. The 
problem was attributed to a "computer glitch" [Source AP US & World. 18 May 
1996, By Mario Fox. Courtesy of Associated Press News via CompuServe's 
Executive News Service. PGN Abstracting.] 
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The "glitch" was apparently the result of a programming change intended to support 
the new out-of-area ATM fees being proposed by various banking groups. When the 
new transaction messages were introduced to the network, some systems took the 
strange new codes and transformed them into something they could understand: a 
posting of a huge credit to one's account. 
Arianc 5 failure (John Rushby) 
faulty computer blamed in Ariane 5 rocket failure: Experts studying the moments 
before the Ariane-5 rocket explosion say fD.ulty computer software may be to blame 
for the rocket veering off course. Apparently. the rocket was mis fed information 
that made it think it was not following the right path. The rocket then changed 
direction causing the upper part to be~~in to break. (From CNN's web page 
www.cnn.com). 
(Andy Fuller) According to the 24-30 June i::sue of Space News, the 4 June 1996 
explosion of the Ariane 5 rocket was caused by software in the inertial guidance 
system. Apparently an inertial platform from the Ariane 4 was used aboard the 
Ariane 5 without proper testing. When subjected to the higher accelerations 
produced by the Arianc 5 booster, the software (calibrated for an Ariane 4) ordered 
an "abrupt turn 30 seconds after lift off', causing the airframe to fail. 
Massive failure of Washington DC traffic lights (Jeremy .I Epstein) 
According to The Washington Post, 9 May 1996, most traffic lights in downtown 
Washington D.C. went onto their weekend pattem (typical: 15 seconds of green light 
121 
per light), rather than their rush hour pattern (typical: 50 seconds of green light per 
light). This occurred during the Wednesday (8 May) morning rush hour. The 
problem was reportedly caused by a new version of software installed in the central 
system that controls all of the traffic lights, providing timing (so lights tum green in 
sequence). The result was mile-long traffic jams. 
Taken from: 
Sherer, S.A. ( 1992). S~jiware Failure Risk Measurement and Management. New 
York: Plenum Press. 
"Softn·are has contributed to some of the most widely publicized computer 
disasters in the past decade:" 
• A software error in the Patriot missile's radar system allowed an Iraqi Scud to 
penetrate aid defenses and slam into an American Military barracks in Saudi 
Arabia, killing 28 People during the Gulf war (Schmitt, 1991 ). 
• A software error in the programs that route calls through the AT & T network 
was blamed for the nine-hour breakdown in 1990 of the long-distance telephone 
network, dramatizing the vulnerability of complex computer systems everywhere 
(Elmer-DeWitt, 1990). 
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• A software error involving the operation of a switch on the Therac-25, a 
computer-controlled radiation machine, delivered excessive amounts of 
radiation, killing at least four people (Jacky, 1989), 
• A software design error in the Bank of New York's government securities system 
resulted in the bank's failure to deliver more than $20 billion in securities to 
purchasers (Juris, 1986), 
Examples of the repercussions of reported failures within the last five years 
illustrate the impact of software failure: 
• The Bank of New York had to pay $5 million interest on more than $20 billion it 
was forced to borrow from the Federal Reserve Bank in order to repay sellers for 
the securities it had been receiving when its software failed to process incoming 
credits from those transferred. Moreover, when government securities trading 
was disrupted, metal traders, believing that a financial crisis had hit the Treasury 
bond market, bid up the price of platinum futures from $12.40 to $251.20 per 
ounce- a 29-year record (Juris, 1 986). 
• A software error (!!lowed winning lottery tickets to be sold after the winning 
number had been drawn in the Tri-State Megabucks game for Vermont, New 
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Hampshire, and Maine, resulting in several belated winners collecting up to 
$5000 (Software Engineering Notes, 1991 ). 
• A software error in Washington's Rainier Bank Teller machines permitted 
unlimited amounts of money to be withdrawn in excess of customer balances. 
The bank then had to incur the cost of trying to recover the excess money 
withdrawn (Sojiware Engineering Noles, 1985). 
In addition to these failures detailed outlines of accidents and disasters attributed to 
software failure can be found in the text "Safewarc: System Safety and Computers" 
(1995) by Nancy G. Leveson. 
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Appendix B 
QUESTIONNAIRE AND INTERVIEW ONE 
& DETAILED QUESTIONNAIRE ONE 
INTEilVIEW ON£ 
Nome: Sex: Ml F 
Team: Study Mode: Part time I Full time 
Role/Responsibilities in Team:-------------------------
l'rojcct Management 
\VImt activities do you understand projc~t m~nagcmcnt entails? 
What cl1"cct do you think to usc of these nclivitics ha~ on the overall p1njcct'/ (Depending Oil rnting in question I) 
Whnt activity(ics) do you thin!: will be the most important lOr a successful project'! 
Project Plan 
Planning so rar'! 
Who formed the project plan'! Were you hnppy wilh this 
(Depending on answer to 1h) 
Who decided on the allocation ofrnlcs/rcsponsihilitics'! Were you lmppy with this 
(Depending on answer to 2c) 
Project Team 
Do you associate with any members of your team socially? 
Do you discuss urivcrsity ct~. when out snciully. (Depends nn answer to 31!). 
If yes So you willlliscu>s the project"! 
i\rc you uncomfortable working with uny member of your team. Why'! (Depending on answer to 3c & 3d.) 
N<ttionnlity/Agc/Study Mode/Sex 
Have ynu had ony major con11icts in your team so far'/ 
If yes how bas this c!Tcctcd the project? (Depending on answer to 3c.) 
l·low was this connict handkd? Expand on answer to Jf. 
Do you believe the project leader is managing the teatn well and all responsibilities they have"! Expand on 3g & h. 
The Project 
After seeing the requirements for the project hnw much of your time do you anticipate it will take p~r week'! Expand nn 
4n. 
125 
0tiE.5TIONNAIRE ONE 
.'iT// MARC:II· llTII MARC/11996 
Date: 
Name: Sex: M/f 
Team: Study Mode: Part Time I Full Time 
Rolc/Responsibiliflcs in ·rerun: ----------------------------
Project Management 
l. I low important do you believe project 
management is for a successful project. (0·1 0) 
Project Plan 
2a. AI what stage is your teams planning'! 
(Please circle one) 
None 
Allocated roles 
l'ormcd project plan 
Set date for first meeting 
Allocated Responsibilities 
2b. If you have developed a plan: 
Who formed the plan'/ 
2c Who decided on the alloeatitlll of 
roles/rcsponsibil itics'! 
l'mjcct Leader 
l'roject Leader 
2d. llow important do yott believe the project plan is in the success ofynur project. (0·1 0) ___ _ 
Project Team 
Ja. 
Jb. 
Je. 
How well do ynu know the 
other members ill your te:ml'l 
Do you associme with :my 
members of your temn sucinlly? 
Ntltalall 
Notulall 
Group Otllcr 
Group Other 
' 
Frequently 
Do you feeluncnmlbrtnble workiug 
with nny members in your team'! Not at all Extremely ·~--------,-------==~· 
Arc yon happy with ym1r team 
mix'! (,\gc/SexfNatinnality) 
Je. Have you hnd any m~jor cnnllicts 
in your te~m so !hr'! 
,, 
)f. 
II' you lmve had conllict what c11Cct 
has this had on th~ project so rnr~ 
How was this cnnllict lwndlcd? 
Jg. How would you rate the project lender~ 
management ol'thc people in your team. (0-10) 
Jh. How would you rate the project lenders 
management of project managcm~nt activities. (0-10) 
3L Whm skills do you bring with you In the team'? 
Nntatnll 
Yes/No 
Little 
IJy project leader 
DB Design 
Project Management 
The Project 
II' Yes nppmximalc numb1:r: 
Dy people involved 
JGL l'rogrnmming 
Omclc 
Extremely 
A great deal 
llusn't been yet 
Technical Writer 
4a. Aller seeing the requirements lbr the project how much or your time do you anticipate it will take per week'! 
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<4hrs >2Shrs 
DETAII.E D 0U£SllONNAIRE ONF: 
Date: 
Name: 
Team: :============Su: M IF Study 1\fodr: Part Time I Full Time 
Role/R~sponsibilitics in Team: 
(If you have 110t been allocated a role or any responsibilities simply write 'Team Member"). 
Project ManHgement 
'" 
!low important do you believe project 
management is for a successful project. (0 not important-10 \'Cry important) 
I a. List as many project management 
activitks a~ you can. 
Project Plan 
2a. What planning has your team June ;u !ill'! 
(!'lease circk one) Nunc Set date tOr !irs! meeting 
Formed project plan 
Other (please spccil)') 
2b. How wns the pmject manager or 
Iemler selected? (please cummcnt) 
Allocated roles/responsibilities 
Allocated tasks 
2c. Wen:/ an: you lmr;py with this selection'! Yes I No {please circle) Why? {plcwlc comment) 
2d. Who decided on the allocation ufrolcs & 
responsibilities of the team members'! 
2e. I low was this done'! {refer question ::!d.) 
2f. 
2g. 
2h. 
2i. 
Were you happy with this process'! 
{Refer 10 question 2d and 2e) 
If your team has developed a proj~ct plnn: 
Who formed the plan'! 
Were you happy with this'! 
(refer question 2g) 
I low importalll do you believe the project 
plan is in the success of your pwject. 
Protect Trarn 
3a. What is the eomposi1ion of your team'! 
Eg. 4 men, 4 men ! wonmn 
]'rojcct Leader 
Yes/ No (please circle) 
Why'! (please comment) 
Project Leader 
Yes/ No (please eirclc) 
Why (please comment) 
Group Other (please specify) 
Group Other (please spccitY 
(0 not important-! 0 very important) 
2 J 
' 
Jb. llow well do you know the 
other members in your team'! Knov.~well I Notnta11 
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Please ~omment: 
t:g. Do you know some well and others 
not at all or do you know all your tcrun 
well or not at all etc. 
3c. Do you a~sociate with any 
members of your team sodally? 
3d. Arc you happy with your team mix? 
(Age/Sex/Nationality/Study Mode) 
l'lca~c comment: 
3e. Dn you feel uncomt\Jrtable working 
with any members in your team? 
l'lcasccommcm: 
Jf. I lave you had ;my major conllicts 
in your team so fnr"l 
Jg 
3h. 
Ji. 
Jj. 
l'lcasc comment: 
If you have load conflict what elli:ct 
h;L~ this had on tile pmjcct'1 
l'lca~c c~mmem: 
I low wa'i this conllict handled"! 
l'lcn.1c comment: 
I low 1\"0ttld you rate the project leaders 
management of the people in your tcm-J. 
l'l.::nsc comment: 
I low would you rJ\c the project leaders 
u:auagcmcnt ofthc project management 
activities. 
Please comment: 
3k. Wlwt ~kills/experience Jo you have"? 
The l'rnjcct 
2 3 
Not at all 
2 3 
Not at all 
2 J 
Notntull 
Yes I No If Yes approximate number: 
2 1 
Lillie 
By project leader By people involved 
(0 poor -10 outstanding) 
(0 poor-IOoutstanding) 
DB Design 
Pmjcc\ Management 
)UL Programming 
Ornde 
4 5 
hcqucntly 
4 5 
Extremely 
4 5 
Extremely 
A great deal 
llasn'tbecnyct 
Technical Writer 
Others (please list) 
4n. Aller seeing the rcquir~mcn\.5 tbr the project how lllUCh of your time do you anticipate it will take per week"! 
4b. 
<4hrs 
Whnt is the minimum and maximum 
number of hours you think you will 
have to spend on the project per week. 
Tliank.vou! 
>2~hrs 
Minimum Maximum 
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Appendix C 
QUESTIONNAIRE TWO 
QUF$1'10NNAIRETWO 
27'''- 31" May I 996 
Name: ()11tc: 
Tc11.m: Sex: Mlf 
Tl.'om Sile: Study Mode: !'art Time I Full Time 
Rule/Responsibilities in Team: 
1. Which soflwar~ engineering activities do you fed "'l\IT group islhas been spending most time on? 
a) 
b) 
c) 
d) 
e) 
ij 
g) 
h) 
;) 
j) 
% 
Ann!ysi;; 
Design 
Swpc Ddinition 
Team Meetings 
l'rugramming}Oraclc 
Risk Avoidance/Management.. 
Tc>ting 
l'rojcctl'rogrc~s Monitoring eg. Reviews. Walkthroughs .. 
ConflgumtiotJ Managcnmll ... 
l'rujcct MnnagnllCill 
2. Which project management activities to yon feel your group is/has bct:n spending most time on? 
•v., 
a) 
b) 
c) 
d) 
e) 
n 
g) 
h) 
;) 
j) 
!'Ianning (!'rnjcct plan reviews & updates) .. 
E~timntiun 
Scheduling/Task All11Catinn .. 
Risk Avoid;mcc/Managcmcnt .. 
Cunllict Rc;olution 
Team member management eg. Mntivation 
Omliguratinn Mnnngcmcnt. . ................. . 
l'rnjcct l'rugrcss Monilnring cg. 1\cvicws. Walkthroughs 
Team Meetings 
Gcncrnl ndministmtion/orgnnisation wsks (Picfl\l"list bcklll') .. 
TOTAL 
TOTAL 
l'lca;l: li>t any gcocral m.Jministrntion/organisationaltasks undertaken. 
100% 
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Project Team 
Ja. Do you feel um:omlbnahle working 
with any members in your team? Notatnll 
Jb. Have you had any nmjor contlicts 
in your team so f.1r'! Yes /No 
Jd. If you have had contlicts, whnt ellCct have 
these had on the project? 
Je. Who has handled these conllicts'! 
(!'lease circle) 
l'rojecl Leader 
Little 
l'roject Jcad~r 
(iroup 
(If you (lre tile project team leader pleru·e rate yourself for till.'fiJiiowi!!g questions) 
'Ia. I low would you mte your pmject lenders mnnagcmcnt of the 
people in your tenm. 
4h. I low would you rate your project lenders numngcment of project 
nwmtgcmcnt activities. 
llow urten docs your project lender: 
'lei. Listen to team members opinions. illcns. intiJromtioo and 
~onceros? 
4cii. Test to make sure tcmnmcmhcr.; h;1ve n goolluuderstandiog of 
what is to be achieved'! 
4ciii. OtTer reassomncc. help, or guidance as ueccssnry nnd 
nppropriatc'! 
4civ. Provide pennission to act. nnd protecticnlhnc~up ns necessary? 
'lev. C(:nsidcr others needs and point of view when 
otl'cring suggestions or support? 
How ortcn docs your project leader: 
4di. Express views clearly mtd cmphaticnlly'! 
4dii. Set high expectations'! 
4diii. Stntc the actions or r~sults your tcnm is striving 
to achieve? 
4div. Indicate positive and negntivc consequences of 
not meeting cxpcctmions? 
4dv. Oll'cr alternative views and (Jp!ions'! 
The l'rojcct 
)a_ !low much time has the project hcco takill!_!., on average, per week. 
5h. I low much time do you anticipate the project will 
take per week during second semester? 
Puor 
I' our 
Never 
Never 
Never 
Nenr 
Never 
Never 
NHer 
Nncr 
Nn·er 
_____ hours 
_____ hours 
All n•sponses will he treated in tile .rtricte.rt cm!fidcncc. 
'flumk )'Of/for )'0!/f time/ 
Extremely 
If yes. how many: 
A great dul 
People ilwolvcd 
Some haven't been yet 
Outstanding 
Outsl:mding 
Always 
Always 
Alw:I)'S 
Always 
Always 
Always 
---, 
AIW:I)'S 
Alwa)'S 
A ways 
Always 
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QUESTIONNAIRE THREE 
QCJ!'.STtONNAtRE THREE 
October 1996 
Name: Date: 
Team: Gentler: 
Team Size: Stutly Motle: 
Rulc/Respunsibilitics in Team: 
1. Which sotlwarc engineering m:tivitics has your group been spending most time on'1 
Engineering 
a) Analysis .. 
b) Design 
c) l'wgmmming/Uracle .. 
d) Testing 
e) Implementation ................. . 
f) Qunlity Monitoring cg. Rcvkws. Walkthroughs. 
Support 
g) 
h) 
i) 
Conlignration Management .. 
Project Man.J.~cmcnt 
Oth~r (spccilY below) .. 
Male I Female 
Pmt Time /l'ull Time 
TOTAL 100% 
Project 1\l:umger ON!.\' to complete question :z. 
2. On which project 111anagcmcnt activities has you/your group been spending most time? 
% 
!'Imming (l'wjcct planrcvkws & updates).. . ............................................... . 
btirnation 
Sehcdulingfl"ask Allocation.. . ......................................... .. 
r,isk Avoidance/Management. . .......................................................................... .. 
a) 
b) 
c) 
d) 
•l 
n 
g) 
h) 
i) 
Cunllict Resolution.. ..................... .................... . ............................................................... . 
lndividmd Team Member Communication ............................................................................................. . 
Grnup Cemmunicntion .. 
Project l'rogrcss Monitoring cg. Tmk COnllllction checking ........................................................... .. 
Other 
TOTAl. 100% 
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3a. I-I ow comfortable ure you working witllthc 
peor,le in your team'! 
Cmufortuble 
3b. 
Jc. 
l h·W m:uty conllicls has your team had so1iu"'! 
Who hns handled IIHJ~t of these con1licts'l 
(Please circle ONf: only) 
3d. I lave these hccn handled positivclr M negatively 
l'rojrct Lender 
?J.oau rtlfl! yonr team's project leader filr the following qttestiuu.\·. 
(1/.nm are the projl!ct tettm h•mler plea~!' rute yourself)) 
I low would ~ ou rate your prujcctlcadcrS 
management of tile penrlc in your team. 
4b. I low would yuu rate your project leaderS 
m<Uingcmcnt ,,f project management activities. 
llow uften docs y•mr projcctlcatlcr: 
4ci. l .istcn to team mcmhcrs opinit>ns. hlc<ll. 
informmiur, .md cunccms'! 
4cii Test In make sure team mcmhcP.. ltavc a good 
umlen;tundiug ur11hat is tr• he ~chicvcd'! 
4ciii. Olll:r rc:tSsurancc. help. or gttidancc as ncw.sary 
and appropriate'! 
4eiv. l'nwidc permission to act and protection/backup as 
necessary'? 
4ev. Consider other~ needs ami point ut' \'kw when 
ufl'cr'tng sug.gcstinmor Sll[lfl\lrt'l 
llow often dues ~·our project le:•tler: 
4Ji. E.~prcss vkws clearly and cn1phatically'! 
4dii. Set high cxpcc1:11ion~'l 
4diii. State the actions or results your team is striving to 
achic\·c? 
4div. lnJicatc rositivc and ltCgativc consequences of not 
meeting 
cxrcctatiuns? 
4dv. OtTer alternative views and uptinns? 
The Pnject 
5~1. llmv much time have you hccn spending 
on the project. on avcragc, per week. 
V~ry \Jncomfortablc Very 
r------,----, 
None 
l'rnjcct lender 
No-one 
]'corte invo[~·cd 
Supervisor 
Many 
Gf\lUp 
r·-------,-----, 
l'unr Outstanding 
l'onr Outstanding 
Never ,\[ways 
Never Always 
Never ,\]1\'ll)'S 
1'\cnr Always 
NcHr ,\ \lli~S 
Ncl'cr ,\(1\'U}'S 
NC\'Cf A ways 
Nc\'rr Always 
Ncnr Always 
Ncnr 
min tlHl>: 
All rcspo!l,,e.r wm be treated ill the strictest confidence. 
Thu11k yrm for your lime! 
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Appendix E 
QUESTIONNAIRE FOUR 
QUESTIONNAIRE FOUR 
Novcmb~r 1996 
Name: Date: 
Tcnm: Gender: Male I l'cm'llc 
TCIIlll Size: Stutly !\lode: Pan Time I Full Time 
What was your main !\lie or T~'Spllnsibility in your tc.1m'.l 
Rcncclin~ un the entire project: 
I. plc;~.>1: provide p~rccntagcs for the tm1c )OUT group spent on each urthc :tctivitics listed bc!mv. 
1. please rank the activities listed hcluw according to their valuc/impnrtancc to the ~ucccss nf your project. where 'I Wll' the mn>l 
valuahlc/impurtant activity and 0 wa~ the least valunhlc/impurtant activity. 
Time% 
Engiuccring 
a) Analy>is. 
Value Rank 
b) Design 
c) l'rogramming/Oradc 
d) Testing 
························································=== e) Implementation 
f) Qtwlity Monitoring cg. Reviews, Walkthroughs ........... . 
Support 
g) C\mligurution Management .. 
h) Project Mmmgcm~nt 
i) Othcr(spccif; bclmv) 
TOTAL lOll% 
ONLY the Team l.cfJder needs tu l'Omplcte question 2, 
Reflecting on !he cnlirc project: 
l. ple~sc provide percentages for the time your gro11p spent on each of the project management ,Jcllvities listed hclnw. 
4. please rank the projc~1\11,1D.1gL'ffi~1lt activitil'!. listed hclow accurding to their valuc/importnncc to the success of your project. where I} 
•l 
b) 
o) 
d) 
•l 
n 
g) 
h) 
I) 
wns the must V~llttnhkl!mpMant activity and 0 was the least v:lhmblcliillportant activity. 
Time% 
!'Ianning (l'wjcct plan reviews & updates) 
E~timation 
Scltcdulingffnsk Allocation .. 
Risk ,lvoidancc/Mmmgclncnt .... 
Conllict Resolution 
Value Rank 
~~:r~;~~d~~~~~~~~~i~t~~;;crCom~~~~~~~~~~-:·:::::::::::::::: ..................... ::::::::::::::::·:.:::::::::::::::·::·:::::::::: .... _~~~~~~~~ 
l'rojcctl'mgrcss Monitoring cg. T[L';k completion checking ................................................................. . 
Other ...................................................................................................................... . 
TOTAL 1110% 
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Project Team 
Sa. I' lease rate how wmfortablc you w~re working 
with your team members. 
Sb. Over the entire projed rate the numh~r of 
major contlicts within yom team. 
Who handled most of these conllict.>'! 
(Pic:rsc circle ONE only) 
Sd. In general did the con!licts lwvc a positiw or negative clTcct 
on the project. 
Project Lemler 
Please rate your team'I /e11der for tllefoflowiag que.wian~. 
(If you ar.' tile /<'am lealler please rate yossrsf/j) 
6a. 
611. 
Over the cmire project how would you rate your team 
leaders· overall management of the people in your team. 
Over the entire project how would you rate )'llUr \<:am 
leaders" overall nmtm!!ement of project management 
activities. 
Over the entire project huw often did your ICIIIll Iemler: 
6ci. Listen to lc:un members opinions. ideas. information and 
cnnccrns"l 
6cii. Test to make sure team members hnd a good undcrstamling 
of what was to he achieved? 
6ciii. Olli:r rea>surance. help. or guidartce as necc~sary nnd 
ll]>Jlropriatc'! 
(>civ. l'rovidc pcrmissiou to net :rnd protection/backup ns 
neccssnry"! 
6cv. Cnr1sidcr ll\hers needs and tmint or \"icw when olli.:ring 
sugrestions or support'! 
llow often did your projcctle:1der: 
6di. Express views clearly and emphatically"! 
(>dii. Set high e~pcctations"! 
6diii. Stntc the actions or rc~ults your team was striving to achieve"! 
6div. Indicate the positive :md negative consequences of nut 
meeting expectations? 
6dv. Olli.:r alternative views and options"/ 
Very \Jncomfortablc Very Com!Ortablc 
,-----r---~ 
None Mmry 
Tcnm kndcr 
NtHme 
-vc 
I' nor 
I' nor 
Nenr 
Never 
Never 
Never 
Nn-er 
Nc\'cr 
Nevrr 
NCI"Cr 
NevH 
Never 
l'cnpk involved 
Supervisor 
(iruup 
Outstnndin~ 
Outslantlin~ 
,\hl"ltys 
Always 
Always 
AIW:I}'S 
Always 
Always 
Alwll}'S 
Always 
Almi}'S 
Alway~; 
All responses will be lrwled ill tlu: .tlriae.ll con{idcm:c. 
nwnk you for your time.' 
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Koy 
%of time 
%of time 
%of time 
%of time 
%of time 
~·- of time 
%of time 
%of time 
%of time 
%of time 
%Of time 
%of time 
%of time 
%of time 
%oft1me 
%of time 
%of time 
%of time 
%of time 
%of time 
a"' 
" 1b 
1c 
" 
" 
" 1g
1h 
1f 
1j 
2b 
2c 
2d 
,, 
2f 
2g 
2h 
2i 
2j 
" 
Appendix F 
Team Size 
No partie in quest 
% rarttc in quest 
Females 
%Females 
Part Timers 
%Part Timers 
Analysis 
Design 
Scope Definition 
Team Me<:tings 
Progrm/Oracle 
RM 
Testing 
PJ Progress Mon 
CM 
PM 
Planning 
EsLma!ion 
Schedfrask All 
RM 
CR 
Team Mem Man 
CM 
Pj Progress Men 
Team Mel!!ings 
General Admin 
r'roje<:l IVId!k 
ML1 
5 
5 
100% 
1 
17% 
3 
50% 
22 
" 10 
15 
' 2 
' 5 
4 
' 
17 
g 
11 
4 
4 
5 
5 
5 
" 12 
QUESTIONNAIRE 2 
ML2 
5 
5 
100% 
1 
17% 
0 
0% 
19 
15 
7 
13 
1 
2 
10 
5 
5 
15 
14 
13 
12 
4 
4 
7 
g 
11 
14 
' 
MLJ 
5 
4 
80% 
0 
0% 
1 
25% 
12 
11 
11 
20 
' 2 
7 
' 4 
17 
14 
14 
g 
5 
5 
5 
7 
g 
20 
10 
"' 
ML4 
5 
5 
100% 
2 
40% 
2 
40% 
12 
21 
5 
11 
10 
4 
' 9 
9 
' 
10 
20 
5 
4 
9 
7 
15 
' 12 
17 
ML5 
5 
5 
100% 
0 
O% 
0 
0% 
14 
22 
7 
10 
2 
5 
11 
11 
8 
12 
11 
, 
7 
' 7 
5 
9 
12 
14 
6 
ML6 
4 
4 
100% 
0 
0% 
2 
50% 
19 
" 5 
13 
2 
' 6 
' 5 
' 
19 
5 
' 10 
3 
7 
6 
10 
14 
7 
RESULTS 
ML7 
4 
4 
100% 
1 
25% 
4 
100% 
21 
" 4 
13 
7 
2 
2 
' 4 
' 
15 
g 
14 
6 
4 
5 
13 
11 
15 
6 
J01 
4 
4 
100% 
25% 
0 
0% 
15 
" 13 
' 3 
6 
7 
6 
6 
13 
15 
15 
11 
' 0 
' 10 
' 9 
14 
J02 
5 
6 
100% 
0 
0% 
17% 
15 
20 
6 
12 
' 4 
5 
6 
7 
10 
14 
11 
15 
3 
4 
6 
7 
11 
15 
14 
167 
Total 
45 
45 
98% 
6 
13% 
13 
28% 
16.89 
21_78 
7.56 
12.89 
5.00 
309 
6.67 
7.44 
5.89 
12.00 
14_44 
12.89 
10 33 
5.89 
4.44 
611 
9.11 
9.56 
15.89 
10.44 
2193.00 
Spearman's 
Correlation 
0.43 
0.00 
-0.50 
-0 25 
0.28 
0.28 
-0.37 
-0.32 
-0.52 
0.39 
0.07 
0.07 
0.35 
0.06 
0.06 
-0.26 
0.22 
0.09 
-0.13 
-0.13 
-0.26 
0.75 
-0.04 
-0.54 
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Koy ML1 ML2 ML3 ML4 ML5 ML6 ML7 JC1 J02 Total 
0 V Comf. 10 V Uncomf 3' Uncomf with T m Mems 5.33 2 3.5 3.3 1.92 6 3 2 3.12 0.00 
Number of conflicts 3b Num of Conflicts 0.1 0 0.5 40 0 0 0 0 2 4.73 -0.38 
0 little -10 gre::~t 3d Effect of Conflicts 6.5 0 3 5.5 1.88 5 1 2 2.88 0.00 
(1=PL, 2=PI, 3=G, 4=SHB) 3o Conflict Handler 2&3 1&3 2&4 2,3&4 1,2&3 1,2&3 3 3 1,2&3 
Opr-10outstd 
" 
Mngmnt of People 6.83 8.13 6.25 4.33 8.5 6 5 9 5 6.56 0.15 
0 poor -10 outstanding 4b Mngmnt of Activies 5.17 8.38 5.75 4.17 7.13 7 4 8 5 6.07 0.21 
0 low -10 high 4cTm Relationship Behaviour 8.02 8.18 6.17 3.73 8.65 5.3 5.85 8.8 4.98 6.63 0.09 
Dlow -10high 4dTm Directive Behaviour 7.2 7.94 5.03 5.53 8.48 3.83 6.23 7.5 5.02 6.31 0.16 
Olow -1Dhigh 4cPM Relatior;ship Behaviour 7.1 7.4 9.6 8 5.4 10 7.9 5.98 6.82 -0.62 
0 low -10 high 4dPM Directfve Behaviour 3.2 9.3 9.4 5 9 9 6.3 6.02 6.36 0.36 
Number of hours 5• No hrs 1his sem 26 11 8 12 30 14 17 17 10 113.11 0.37 
Number of hours 5b Est hrs next sem 31 18 14 16 19 21 25 22 15 20.11 
Project mark 254 2511 -05 234 m JUS 
"' 
136 
Speannan's 
ML1 ML2 ML3 ML4 ML5 ML6 ML7 J01 J02 Total Correlation 
owo en 
' 
e earns projec 
leader: 
4ciTM Listen to team members opimons, 
ideas, i;Jformation & conems? 9.2 8.4 9.17 4.33 9.38 8 6.5 9.83 8.2 0.10 
4ciiTM Test to make sure team members 
had a good understood what was to 84 7 3.67 4.33 8.88 4.67 6.25 8.33 44 0.50 
be achieved? 
4ciiiTM Offer reassurance. help. or 84 guidel1nes 8.3 6.33 1.33 8.38 4.33 6 7.5 4.9 0.17 
4civTM Provide permission to act and 6.7 8.4 5 4.33 8.38 4.33 4.75 9.33 44 0.01 protectiorubackup as necessary? 
4cvTM Consider others needs and point of 
view When offering suggestions or 74 8.8 6.67 4.33 8.25 5.33 5.75 9 8 0.29 
support? 
4diTM Express views clearly and 7.1 84 6.33 4.67 9 4.33 7.33 6.67 6.9 0.52 empha~cally? 
4diiTM Set high expectations? 7.1 8.6 4.33 8.5 10 4.17 5.33 6.33 6.2 0.25 
4diiiTM State the actions or results your 64 team was striving to achie1oe 7.9 4.33 5.33 6.63 3.5 6.5 8 5.6 0.19 
4divTM Indicate the positve and negative 
consequences of not meeting 6.5 7 5 6.17 7.63 4.17 5.67 7.17 6 0.25 
expectations? 
4dvTM Offer alternatve views and options? 8.9 7.9 5.17 3 7.13 3 6.33 9.33 54 0.10 
rojact mar 254 
" 
205 m 373 JbS 237 l67 
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Appendix G QUESTIONNAIRE 3 RESULTS 
Spearman·s 
Koy MU ML2 
"" "" 
ML5 ML5 Correlation 
Team Size 
' ' 
, , 
' 
; 
No partie in quest 2 
' ' 
2 , 
' % partie in que~\ 33% 67% 80% 60% 
'" 
57% 
Females 
% Females 0% 0% 0% 0% 0% 0% 
Part Timers 
%Part Timers 0% 0% 0% 0% 0% 0% 
Q"' 
%of lime ,, Analysis 
" " ' " 
• ' 
0.12 
%of lime 
" 
Design 
" " " " 
9 
" 
0.14 
%of time 
'' 
Progrm/Oracte 20 
" 
27 22 
" " 
0.03 
%of time 
" 
Testing 
" " 
5 ; 
" " 
0.64 
%of lime '. Implementation 2 ' " 
2 
' " 
0.15 
%of time 
" 
Quality Men • 
; 
' ' ' ' 
-0.41 
%of lime ,, CM • " 
6 
" 
6 2 -0.41 
%of time 
'" '" 
• " " " 
9 5 -0.66 
%of time ji Othe- 0 0 • ' 
-0.50 
%of time 
" 
Planning 20 
" 
20 50 0.17 
%of time 2o Estimation 
" " 
5 
" 
-0.69 
%of time 20 SchediTask All 20 
" 
• 20 -0.69 
%of time 2o <M 
" " " 
5 0.17 
%of time 
" 
C< 5 0 0 0 -0.70 
%oftime 2g lnd T~am Mem Comm 
" 
0 20 5 0.43 
%of time 
'" 
Group Comm 
" " 
25 5 0.17 
% of time 
" 
PJ Progress Men 
" 
20 
" 
5 -0.76 
'h of lime 
" 
Other 0 0 0 0 0.00 
Project Mark 
"' "' 
205 
"' 
m 
"' 
1.00 
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Speannan's 
"'' 
ML1 ML2 MLJ ML4 ML5 ML6 Correlation 
OVUncomf-10VComf ,, Uncomfwith Tm Mems 4 6 6 8 8 6 0.22 
Number of conflicts Jb Num Gf Cor;f!icts 6 3 1 5 4 -0.03 
{1=PL, 2=Pl, 3=G, 4=SHB) ,, Cor;flict Handler 2 2&1 1&4 2&3 ~.2,3&4 1,2,3&4 
O-ve-10+ve 3d -ve or +ve effect of cor; 4 6 9 7 6 6 -0.58 
0 pr -10 outstd 4• Mngmnt of People 6 7 3 7 7 0.33 
0 poor -10 outstanding 4b Mngmnt of Activies 6 7 3 7 7 0.33 
0 lew -10 high 4c Tm Relationship Behaviour 6.12 6.07 7.73 3.51 6.83 8.07 0.26 
0 !ow -10 high 4d Tm Directive Bahaviour 4.88 7.26 644 3.54 7.76 7.38 0.83 
0 low -10 t.igh 4c PM Relatior;ship Behaviour 9.4 7 5.48 6.52 -0.96 
0 low - 10 high 4d PM Directive Bahaviour 9.38 5 9 5.84 -0.11 
Number of hours to date 5• Min 4 4 5 16 8 0.64 
Number of hours to date Sb M~ 
" 
19 14 12 32 20 0.94 
Project Mark 254 258 205 234 373 365 
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Speannan's 
ML1 ML2 ML3 ML4 MLS ML6 Correlation 
project leader. 
4ci TM Listen to team members 
opinions. ideas. informalion & 3 6.15 9.27 2.65 6.35 9.4 
conerns? 0.31 
4cii TM Test to make sure team 
members hac! a gooc! 4.3 6.23 6.43 4.35 7.25 7.73 
understoocl what was to be 0.54 achie~c!? 
4ciiiT Offer reassurance. help. or 5.8 5.23 guidelines 7.47 2.5 6.63 7.8 0.26 
4civT Provide permission to act and 
protection/backup as 9.8 6.1 8.23 4.6 7 7.77 
necessary? -0.14 
4cvTM Consider others needs and 
point of view when offenng 7.7 6.6J 7.27 3.45 6.9 7.67 
suggestions or support? 0.09 
4di TM Express vlews clearly and 2.3 6.25 7 3.1 8.2 6.07 0.31 emphatically? 
4dii TM Sel high expectations? 5.45 8.58 6.47 5.2 8.93 7.5 0.71 
4diiiT State the acl1ons or results 
your team was striving to 4.4 7.43 6.43 1.1 7.43 7.33 
acl1<eve 0.72 
4divT Indicate the posi~ve and 
negatii'IO consequences of not 6.9 7.68 7.68 4.8 8.28 8 
meeting e."';)ecldtions? 0.75 
4dv TM Offer allernatiw views ancl 5.35 6.38 6.38 
options? 3.5 5.95 8 0.29 
Project Mark 254 255 205 234 373 365 
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Spea~mar.' 
Koy tl L 1 MU ML> ML< 
"" 
ML; ,01 m Rank 
Team Size 
' ' ' ' ' ' ' ' No partie in quest 
' ' ' ' ' ' ' ' % par1ic i'l quest 100% 6D'h 100% 100% 100% 100% 83% 83% 
Females 0 2 0 0 -0.39 
%Females 25% 20% 0% 50% 0% 20% 17% 0% 
Part Timers 0 0 
' 
2 
' ' 
0 0 0.15 
~o Part Timers 0% 0% <0% 50% 50% SO% 0% 0% 
Q" 
%Of time 
" 
AnalySIS 
" 
10 
" 
11 
' 
11 
" 
16 -0.37 
%of time 
'" 
Design 
" 
20 
" " " 
20 
" 
20 0.72 
% cftime 
" 
Coding 
" " " " " " " " 
-0.27 
% cftime 
" 
Testing 
' " 
11 
' " " ' ' 
0.31 
1• tneorpcrated into 1c 
%Of lime H Qualrty Men 
' ' ' ' ' " ' ' 
-0.07 
%of time ,, CM 
' ' ' " ' ' ' ' 
-0.20 
% Oltime 
'" '" ' ' " 
10 
" ' ' 
16 0.24 
%of time ji Other 
' 
0 2 0 0 0 
' 
-0.42 
rank of value 2• Analysis ,, 
' ' ' ' '·' ' 
,, 0.31 
rank of value 
" 
Des1gn 
' ' ' ' ' ' '' ' 
-0.32 
rank of value 2• Coding 
" ' ' " 
10 10.5 15 
' 
-0.24 
ran~ of ~alue 
" 
Testing 
'·' ' '' ' ' ' ' '' 
0.24 
" 
Incorporated into 2c 
rank of value 21 QuaiJty Men 
' ' ' 
2 
' ' '' 
,, 0.01 
rank of value 2g CM 
' ' 
2.0 
'·' ' '·' ' 
2 0.16 
rank of value 2" 
'" ' ' ' '·' ' '·' 
2 ,.. 0.10 
ranK of value 
" 
Other 
ro ect 
'' 
254 258 205 234 373 36!1 237 267 
14/ 
"" 
WL1 ML2 ML3 ML4 ML5 ML6 J01 J02 Rank 
%dtirre 3a Aa111irg 10 15 2D 20 2D 
"' 
10 20 0.27 
%oftirre 3b Es~mticn 
' 
10 5 10 10 5 15 5 -0.08 
%dtirre 3c &:hOOITaskAII 15 15 20 10 10 5 10 -0.42 
%oftirre 3d RM 10 10 13 10 5 10 10 10 -0.76 
%oftirre 
"' 
CR 10 10 2 10 5 5 10 5 -0.18 
%oftirre 3f lrd T ea-n rlan Carrn 25 15 2D 5 15 10 10 20 0.12 
%cttirre 3g Gm,>Cmm 20 10 15 10 10 15 15 20 0.01 
%dtirre 3h ~"""""'- 10 15 10 15 25 15 5 10 0.48 %cftirre • """ 0 15 0 0 0 0 20 0 -0.16 ra1< r:i vaue 
" 
Fla11lirg 4 6 9 5 3 9 9 -0.19 
ra1< ci ...aue 4b Estirm'icn 2 7 4 3 7 2 3 0.12 
rai< ct vah . .e 4c Sched'TaskAII 7 5 8 7 4 8 8 -0.28 
r<rildvaue 4d RM 5 8 2 8 8 7 4 028 
rrl; ci valLE 4e CR 3 3 3 2 9 3 2 0.32 
r.ri< ci value 4f lrd T ean t1an Conn 9 2 5 4 6 4 5 0.15 
r.rll ct valle 4g 
"""' Carrn 8 
4 7 6 5 6 6 -0.53 
ral<; ctva:oo 4h ~"""""'- 9 6 9 2 5 7 -0.43 l'<l'k ct value • 
""" 
1 
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Spearman' 
Koy ML1 M'-2 ML3 ML4 ML5 ML6 J01 J02 Rank 
0 V Uncomf -10V Comf 5• Uncomfwith Tm Mems 8 7 7 8 7 7 6 9 0.15 
Number of cot:flids 5b Num of Conflicts 3 3 4 2 4 2 5 2 -0.22 
(1=PL. 2=P1. 3=G. 4:.SHB) 5o Conflict Handier 2&3 2&3 1,2&3 2&3 2&1 2&3 1,2&3 1,2&3 
O-ve-10+ve 5d -ve or +ve effect of con 6 5 4 7 5 5 4 6 0.19 
0 pr -10 outstd 6' Mngmnt of People 5 6 7 1 7 8 7 8 0.50 
0 poor- 10 outstanding 6b Mngmnt of Aclivies 6 6 6 0 8 8 7 9 0.79 
0 low -10 high 6c TM Relationship Behaviour 8.8 6.57 7.3 2.13 6.54 7.79 7.38 8.3 0.17 
0 low -10 high 6d TM Directive Behaviour 6.5 6.47 7.43 2.07 8.5 7.54 7.01 8.58 0.64 
0 low -10 high 6c PM Relationship Behaviour 6.5 98 9.6 6 5.3 7.98 4.5 6.76 -0.38 
0 IO'N -10 high 6d PM Directive Behaviour 2.5 8.8 9.9 4 9.5 7.34 6.96 7.2 0.17 
How often did the teams project leader: 
Sci TM listen to team members opimons. ideas. 
information & conerns? 9.67 7 8.13 2 6.92 9.8 9.65 9.35 0.10 
6cii TM Test to make sure team members had a good 
understood What was to be achieved? 7.83 5.67 6.8-8 6.8 563 6.7 6.35 -0.07 
6ciiiT Offer reassurance. help. or guidelines 8.83 7 7.13 0.33 6.13 6.58 61 8.6 0.14 
6civT Provide permission to O!Ct and protection/backup 0.26 as ~ecessary? 8.67 6.5 6.75 4.33 6.25 6.2 4.93 8 
6cv 1M Cons•der others needs and point of view when 
0.14 offering suggestions or support? 9 6.67 7.63 3 6.6 9.67 95 9.18 
Sdi TM Express views clearly and emphatically? 5.17 5.5 8.75 2 7.5 9.3 7.9 8.7 0.17 
6dii TM set high expectations? 6.67 7.33 8.5 3 8.7 5.63 6.58 6.75 0.31 
6diiiT State the actions or results your team was stnllin 
to ach•eve 5.67 6.33 7 1.5 9.3 9.35 6 8.95 0.67 
6div T Indicate the positive and negattve consequences 
of not meeting e:<+JeC\ations? 7.5 6.17 6.38 3 &98 6.5 5.93 9.3 0.74 
6dv TM Offer alternative views and options? 75 7 6.5 0.83 9.02 6.88 8.63 9.2 0.71 
roJect 
" 
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Appendix I PROJECT SUCCESS EVALUATION 
J "" MLZ ML3 ML4 N!L5 Ml6 J01 J03 
Pro ltC o 
Proiect plans (SPMP. Gantt charts, 
quality plan etc) 
T1me sheets 
Meetings 
Project reports 
Roles & Responsibilities 
Managemental the process 
Configurati!>'l Management 
Standards 
Ris~ Management 
Quality .. fr .. ,ung 
Test Plar 
Scope of Testing (Functional, Stress, 
20 
" 
" 
" 
" 
" 
" 
' 
" 
" 
" 
" 
" 
' 
' 
' 
' 3 
' 7 
Sy.;tem -) 10 6 
restEnvironmcnt(Testbed,tes+iorms) 10 5 
Test Fl,.sutls (Actuals 1/S ex~ted) 10 
Completeness of other aspects 
{secunty, :nstallation, audi~ng, tests 
tested e1c) 10 6 
Malntcna:tco Documentation 100 17 
Design Updates 25 18 
Data DICtionary 25 20 
Code 30 22 
Maintainab+hty 10 a 
Completeness of other as peel> 
(hardware software enwonment. 
conversi<m, manual methods) 10 9 
User Documentation 50 35 
Usage Guides (lnlrOOuctton. inslllllat1011, 
gelling Stalled, manual procedure~. error 
messages, __ ) 
Reference/help 
Application of Standards 
Documenl readability (eg coo Ients, 
index) 
Document formal & style 
Prosent.1tion 
Stalemem of lhe problem 
EKplana~on ollhe approach taken 
Syslem Funclion&ilty 
System Ouatity 
Owrall Presentalion Delivery 
" 
" 
" 
' 
' 
" 
' 
" 
' 
' 
100 49,67 
1!1 4.00 
10 4.00 
40 24.00 
30 14 DO 
10 3.67 
" 7 
" 
" 
" 
" 
" 
' 7 
21 
5 
3 
5 
' 
3 
"' 
'" 
'" 
'" 
" 
5 
" 
' 3 
' 
' 
48.67 
503 
6.83 
16.00 
15.00 
500 
Outof4 
Total Proj~ct Mar 
"" 
25.37 25.81 
253.73 258.13 
" 
" 
" 7 
" 
" 
' 3 
7 
21 
' 
' 
' 
" 
3 
" 0 
" 
" 
" 
" 
'" 
" 
' 
' 
' 3 
29.67 
3.67 
2.33 
13.3:) 
8.00 
2.33 
" 
' 
" 
" 
' 
" 
' 
' 
" 
20 
' 
3 
' 
' 
' 
"' 0 
" 21
7 
' 
'" 
" 3 
' 
' 
' 
67.60 
5.33 
5 00 
22.67 
18.50 
6.00 
" 
'" 
'" 
'" 
'" 
" 
" 5 
' 
" 6 
" 
' 
" 
' 
" 
" 
" 
'" 
' 
" 
" 
'" 
'" 
" 
' 
' 
77.50 
6.67 
8.67 
32.00 
21.50 
6.67 
'" 
' 
'" 
'" 
'" 
" 
" 
' 
' 
"" 
'" 
'" 
'" 
'" 
"' 
" 
" 
'" 
'" 
8 
'" 
' 8 
' 
' 
" 6 
' 
' 
' 
'" 
' ,
5 
16 
, 
3 
' 
' 
' 
" 
" 
" 
" 7 
' 
" 
16 
6 
6 
' 
' 
56.00 38.67 
7.67 6.57 
7.00 3.33 
20.00 13.33 
24.00 9.00 
7 33 6.33 
" 7 
5 
5 
6 
" 7 
' 7 
18 
5 
' 5 
, 
3 
73 
'" 
" 
'" 8 
6 
32 
13 
" 
" 
' 3 
50.67 
8.00 
7.00 
18.67 
11.00 
6.00 
20.53 23.38 37.35 lE.41 23.72 26.69 
205.33 233.75 373.45 364.10 237.23 266.93 
Spearman'$ 
Corrolatlon 
0.77 
0.91 
0.51 
0.63 
0.63 
0.71 
0.80 
0.73 
0.74 
0.67 
0.76 
0.70 
0.77 
0.39 
0.63 
0.88 
0.76 
0.80 
0.62 
0.49 
0.29 
0.63 
0.70 
0.55 
0.59 
0.60 
0.48 
0.72 
0.69 
0.91 
0.59 
0.74 
0.70 
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